\ 


FOR  STUDIOS 


MODEL  SR-80 


Kgh  fidelity.  Accurate  deli- 1 
nition.  Natural  brilliance.  No 
background  noises.  No 
peaks.  Con  be  |:daced  up  to 
2000  feet  irom  the  amplifier 
without  appreciable  loss. 
Frequency  response  30  to 
14.000  C.P.S.  Output.  -64 
db.  (open  line);  -90  db. 
when  using  input  transio'- 
mer  (100.000  ohms  second¬ 
ary.)  Hand-hairunered  rib¬ 
bon  not  aiiected  by  even  a 
40-mile  gale.  Available  also 
in  High  Level  Model  SR-80H. 
which  operates  directly  into 
grid  oi  tube.  New  design 
permits  rutming  >/«"  cable 
up  to  12S  leet. 


E  PeiFORMANCE  HAS  ESTABUSHED 
/VELOCITY  AS  THE  FINEST  ALL- 
DPHONE.  HAS  WIDEST  ANGLE  OF 
^UT  FREQUENCY  DISCRIMINATION. 
1 1  AND  QUALITY  IT  IS  UNEXCELLED. 
S  OF  PRICE.  SEE  FREE  TRIAL  OFFER. 


^  Amper/TE Company  sei  Broadway  new  york 


Cable  Address:  Alkem,  New  York 


The  very  latest  in  scientific  design  and  construction,  they  feature... 

1.  POSITIVE  CLUTCH.  Does  not  "creep"  or  require  adjustment.  Will 
not  wear  out.  Tightens  with  only  one-eighth  turn.  Microphone 
can  be  rotated  without  loosening  clutch. 

2.  QUIK-GRIP  THREAD.  Requires  only  IV2  turns  to  fasten  micro¬ 
phone. 

3.  SAFETY  CORD.  Stretches,  preventing  accidental  mishaps. 

Model  FS-25M— List  $32.00 


AMPERTTE  MICROPHONE  STANDS 


1.  Frequency  response — 

30  to  12,000  CPS  (il  db.) 

2.  Gain,  7G  db.  (two  stages). 

98  db.  (three  stage  line  amplifier). 

3.  Hum  level, -90  db. 

4.  Input — 50.200,  high  impedance. 
Output — 200,500.  high  impedance. 

5.  Condensers — paper  condensers 
used  in  power  supply. 

6.  Transformer  coupled — highest 
grade  nickel  alloy  core  used. 

7.  Mounting — can  be  used  for  table 
or  rack  mounting. 

8.  New  metal  tubes  used. 


MICROPHONES 


A  COMPLETE  LINE— FILLING  EVERY  BROADCASTIHG  NEED  / 


This  microphone,  having 
no  peaks,  gives  perfectly 
lifelike  reproduction. 
Does  not  tire  the  listener. 
Eliminates  accoustic 
feedback  in  P.A.  work. 
Available  in  High  Level 
Model  RB-H,  which  op¬ 
erates  directly  into  grid. 
LIST  PRICE,  RB-M  or 
RB-H,  S42.00. 
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A/euf  STACKPOLE  SPECIALITIES 
tk^t  “CLICKING”  u.!tk  AUTO 
RADIO  ENGINEERS 
THROUGHOUT  INDUSTRY 


The  NEW  STACKPOLE  INSULATED 

RESISTORS 


SPECIAL  COPPER  SPRAYED 
ENDS  TO  REDUCE  CONTACT 
RESISTANCE 


WIRES  EMBEDDED  IN 
BAKELITE  TO  ASSURE 
MECHANICALLY  STRONG  UNIT 


BAKELITE  AND  WIRE  MOULDED 
TOGETHER  IN  ONE  SOLID  PIECE 


The  NEW  STACKPOLE  MIDGET  SWITCHES 

and  CONTROLS 


Note  the  design  of  the  new  straight  line  J  2  Watt  Stackpole 
Resistors  so  made  that  they  fit  into  any  wiring  system — 
anywhere  .  .  .  consider  too,  that  one  size  meets  all  re¬ 
quirements  up  to  ^  Watt  and  you  can  appreciate  why  so 
many  set  manufacturers  are  standardizing  their  produc¬ 
tion  with  this  new  type  insulated  resistor. 

Also  study  the  unusual  advantages  of  the  new  Midget 
Switches  and  Controls  for  Auto  Radios,  replete  with  all  the 
requirements  of  the  larger  sized  controls  ...  100  per  cent 
accurate  and  carrying  the  approval  of  the  Underwriters 
Laboratories  for  household  receivers  as  well. 

As  you  will  notice,  each  terminal  of  the 

switch  has  two  contacts,  insuring  positive  Z 

control  and  the  lowest  possible  contact 

drop  .  .  .  very  good  reasons  why  the  Stack - 

pole  line  is  “clicking”  with  radio  engineers 

everywhere. 

Investigate  Stackpole  today  .  .  .  see  for 
yourself  the  advantage  of  standardizing  Type  “P” 
YOUR  production  on  Stackpole. 


TYPE 
btackpole  Type 
M  9  Switch. 
Rating  3-A  • — 
K5-V  and  10-A 
-  10  V. 


M9  SWITCH 
Interior  view  of  DPST 
Switch  with  extrenifly 
low  contact  resistanie. 
May  be  equipped  with 
outside  toggle  for  use 
in  auto  set  lontrol 
heads. 


Type  “P”  Control  with  metal  cover 
removed  showing  addition  of  friction 
clutch  to  standard  tap  type  control. 


Complete  assembly 
Midget  Control 


of  the  Stackpole 
with  switch 


Just  the  **  Ticket**  for 
the  New  Auto  Radios 


whe\ 


space 


at  a 


Side  view  of  Rotary  Switch  mounted 
with  bushing  and  shaft. 


Showing  addition  of  bell  mouth  sleeve 
construction  to  shaft. 


premium! 


STACKPOLE  CARBON  COMPANY 

ST.  MARYS,  PA. 
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Crosstalk 


►  KKTIKES  .  .  .  At  a  im-ftiiiK  ‘il’  thi* 
Hoard  of  Diroctors  of  tho  MctJraw-Ilill 
1‘ublishinjr  ('ompany,  Inr.,  hohl  on  Do- 
sembor  27,  1H25,  Janios  II.  .Mctiraw, 
the  founder  of  the  eoini)any  and  its 
head  for  more  than  fifty  years,  re¬ 
signed  as  ('hairnian  ttf  the  Board  and 
was  elected  Honorary  rhairman.  He 
will  remain  as  a  member  of  the  Board. 

James  11.  MctJraw,  Jr.,  who  has  been 
connected  with  the  company  for  the 
past  twenty  years,  was  elected  Chair¬ 
man  of  the  Board.  He  has  served  as 
Treasurer  and  was  Executive  Vice 
President  and  Vice  Chairman  of  the 
Board  at  the  time  of  his  election. 

.Malcolm  Muir,  President  of  the  com¬ 
pany  since  ll>28,  continues  in  that 
capacity. 

►  WHAT  ARE  THE  ULTRA-SHORT 
W.WES  FOR?  ...  At  a  recent  meeting 
of  engineers,  there  was  considerable 
discussion  regarding  the  growing  in¬ 
terest  in  the  waves  below  10  meters 
for  use  as  local  broadcast  station  fre¬ 
quencies.  The  discussion  ended  on  the 
theme  that  these  waves  should  not 
be  so  u.sed,  hut  should  be  rest'rved  for 
other  services  for  w’hich  they  are  espe¬ 
cially  fitted. 

It  is  fair  to  ask  w'hat  these  proposed 
services  are?  Television  pops  into 
one’s  mind.  Naturally  the  bands  should 
not  be  cluttered  with  services  which  can 
be  carried  as  well  somewhere  else — but 
television  still  seems  to  be  sometime  in 
th  ■  future.  In  the  meantime  there  is 
a  definite  clamor  for  more  broadcast 
ch  mnels,  for  high  fidelity  broadcasting 
nov  impossible  with  the  present  allo- 
ca  ions. 

Experience  has  shown  that  100  watts 
on  7-8  meters  in  the  center  of  the  area 
to  )e  serviced  will  do  as  well  as  1,000 
wa  ts  located  on  the  edge  of  the  area — 
an'  at  much  less  cost  and  with  much 
les  distant  interference  production. 

►(  UARTZ  MARKET  IMPROVES  .  .  . 
Bn  vving  in  the  Capitol  is  a  new  broad¬ 
ens  allocation  forced  by  the  growing 
dissatisfaction  with  the  multiplicity  of 
cha  :nels  occupied  with  chain  programs, 


abetted  by  the  clamor  of  groups  now 
having  no  voice  but  who  want  their 
share  of  the  ether,  and  aided  by  tech¬ 
nological  advances  since  the  last 
shake-up  in  1928. 

-Among  other  considerations  are  those 
granting  (perhaps  forcing)  horizontal 
increase  in  power  t<»  .500  kw.  on  the 
clear  channels  (with  fewer  clear 
channels,  however)  and  an  increased 
number  of  stations.  The  general  idea 
will  be  to  give  listeners  better  signals, 
especially  the  rural  dwellers,  without 
any  increase  in  interference. 

The  clear  channel  stations  who  re¬ 
main  in  their  present  status  would  be 
faced  with  the  vast  outlay  required  foi 
a  new  super-power  station ;  those  who 
found  themselves  on  shared  channels 
would  be  forced  to  raisH*  their  level; 
there  would  be  less  necessity  for  the 
many  chain  stations  since  a  smaller 
number  of  high-powered  stations  could 
carry  the  advertiser  s  message  to  the 
country. 

►  HKl  NOISE.  ...  At  the  December 
meeting  of  the  I.R.E..  in  New  York, 
mention  was  made  of  mysterious  signals 
which  rampaged  over  a  rather  wide 
band  of  frequencies  and  over  a  wide 
range  in  time  and  distance.  Records 
of  this  noise  recorded  by  RC.A  Com¬ 
munications  were  played  for  the  au¬ 
dience. 

In  this  issue  of  Electronics  is  a  re¬ 
markable  story  of  how  the  radio  men 
at  Cruft  Laboratory  traced  down  the 
source  of  this  racket,  finding  it  to  be 
a  type  therapeutic  machine  widely  used. 
A  machine  in  Cambridge,  Massachu¬ 
setts,  was  heard  in  Washington,  so 
strong  was  the  radiation  and  so  potent 
the  skywave. 

Now  we  learn  that  the  RMA-SAE 
joint  committee  on  ignition  interference 
considered  the  problems  of  radiation  so 
serious  that  the  RMA  has  set  aside  a 
substantial  fund  to  be  used  in  an  in¬ 
vestigation  of  measuring  equipment  to 
be  used  in  a  survey.  Mr.  L.  C.  F.  Horle, 
consulting  engineer  of  New  York  City, 
has  been  retained  to  work  up  the  design 
of  this  apparatus. 


►  TRUE]  STORIES.  .  .  .  Beginning  in 
this  issue  of  Electronics  is  a  series  of 
stories  of  actual  experiences  of  indus¬ 
trialists  and  others  in  electronic  devices. 
These  articles  will  aim  to  tell  of  suc¬ 
cess,  or  failure;  they  will  probably 
show  that  many  tube  equipments  show 
up  defects  in  existing  methods,  which 
are  promptly  improved — with  the  result 
that  the  tube  goes  back  on  the  shelf. 
They  will  probably  show  that  a  good 
knowledge  of  tube  characteristics  is  not 
all  that  is  necessary  to  make  tube 
devices  work  in  a  factory,  that  the  most 
successful  engineer  in  this  new  field  is 
one  who  has  a  broad  grasp  of  mechan¬ 
ical  and  electrical  engineering  with  a 
good  knowledge  of  optics  thrown  in 
for  good  measure. 

We  know’  of  but  a  few'  expert  elec¬ 
tronics  men,  one  is  Rex  McDill  in 
Cleveland,  another  is  Riilph  Powers  of 
Detroit,  another  is  E'.  H.  Shepard  of 
RC.A  Radiotron.  Elach  is  resourceful 
in  adventuring  into  new  ways  of  doing 
things,  none  is  held  back  by  the  con¬ 
ventions  of  an  older  art. 

The  editors  will  w’elcome  experience 
stories  for  this  series,  to  be  published 
with  or  without  company  name,  as  the 
writer  thereof  desires.  AVe  want  the 
facts. 

►  BLIND  ALLEY.  ...  The  owner  of  a 
large  chain  of  restaurants  operating  in 
England  has  approached  an  American 
engineer,  skilled  in  tube  applications, 
requesting  him  to  work  out  a  scheme  of 
automatically  sorting  the  cashier 
tickets  into  divisions  which  will  show 
the  amounts  paid  per  person  per  meal. 
At  present  he  has  about  200  girls  rang¬ 
ing  from  14  to  19  years  of  age  at  this 
job.  He  states  that  he  is  not  anxious  to 
get  a  machine  that  will  save  money,  he 
is  willing  to  install  the  machine  if  it 
costs  as  much  as  the  salaries.  The 
owner  states  that  he  does  not  feel  he 
has  any  right  to  employ  this  many 
people  in  blind  alley  jobs! 

We  would  like  to  have  the  sociolo¬ 
gists,  the  anti-technicians  et  al.  mull 
over  this  remarkable  angle  on  electronic 
apparatus. 
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Industrial  X-Ray  Practice 


A  timely  rev  iew  of  the  present-day  uses  of  x-rays  in  prodiietion  testing,  inspeetion, 
and  industrial  researeli.  together  with  praetieal  information  on  the  necessary  e(piipment  and 
the  cost  of  its  installation 


IN  November,  IHIK").  Wilhelm 
Konrad  Koentjrt'n.  then  Profes¬ 
sor  of  Physics  in  the  I’niversity  of 
Wurzbur^r,  announced  the  discovery 
of  a  new  radiation  named  by  him 
X-rays  and  now  often  called  Hoent- 
jren  rays.  A  few  days  later  ex¬ 
perimenters  on  both  sides  of  the 
.Atlantic  were  i)roducin^r  X-rays  and 
feverishly  exposing  j)hotovrrai)hic 
plates  like  children  with  a  new  toy. 

.Althou^'h  the  first  radiographs 
made  by  Koent^ren  himself  were  of 
instruments,  keys,  and  metal  parts, 
it  was  not  for  twenty  years  that  any 
real  industrial  si>rnificance  was  at¬ 
tached  to  X-rays,  In  IDIG,  however, 
t'oolid^re  supplanted  the  old  un¬ 
reliable  >ras-filled  X-ray  tube  with 
the  hi^^h-vacuum,  hot-filament  tube, 
makinjr  the  use  of  X-rays  a  far  more 
liractical  and  reliable  science.  Since 
that  year,  industrial  applications 
have  been  extended  until  it  mi>rht 
truthfully  be  said  there  is  .scarcely 
an  industry  in  which  X-rays  could 
not  be  of  some  value. 

The  rhynicn  of  X-Royn 

X-rays  are  the  external  evidence 
of  an  internal  atomic  catastrophe, 
and  indicate,  by  wave  length,  the 
extent  of  the  damajre.  To  persuade 
an  atom  to  ^ive  up  energy  in  X-ray 
form,  we  must  impart  to  it  energy 
from  an  outside  source.  We  can  do 
this  by  firintr  hi^h-speed  electrons 
rito  the  atom  with  the  hope  that 
■'ome  of  them  will  .strike  a  vital  sj)ot. 
' 'nfortunately,  by  far  the  greater 
I. umber  of  these  projectiles  pass 
’iiroujrh  the  atom’s  relatively  “wide 
I  !)en  spaces”  without  inflictinjr 
■rious  injury,  but  .some  succeed  in 
1  o.settinjr  the  balance  to  such  an 
t  \tent  that  X-rays  are  emitted.  By 
ricreasin)?  or  decreasinjf  the  num- 
1  T  of  electrons  fired  we  increase  or 
('•■crease  the  chances  of  obtaining 
^-ray.s,  and  by  reifulatinjjr  the  speed 


By  ROBERT  C.  WOODS 
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of  the  electrons  we  may  control  the 
wave  length  of  the  released  rays. 

The  atom  is  like  a  coin  jramblinjr 
machine.  We  i)ut  energy  into  the 
atom  in  kinetic  form  and  it  is  re¬ 
turned  to  us  in  X-rays.  Like  most 
yambliny'  apparatus,  however,  we 
always  i)ut  more  in  than  we  }fet 
back.  This  is  not  to  say  that  we 
put  more  energy  into  the  atom  than 
comes  out.  but  that  only  about 
0.8%  of  the  input  is  returned  in  the 
usable  X-ray  form. 

The  actual  (juantity  or  amount  of 
emitted  radiation  is  called  the  in¬ 
tensity  and  is  an  entirely  separate 
thintr  from  the  wave  lentrth,  which 
dei)ends  not  on  the  number  of 
bombardinjr  electrons  but  on  their 
sj)eed.  In  turn,  the  speed  of  the 
electrons  depends  on  the  force 
I)ropellinK  them  toward  the  atom  and 
varies  as  the  .square  root  of  that 
force.  In  an  X-ray  tube,  the  force 
is  the  applied  voltape  and  usually 
ran>r("s  from  10,000  to  .‘100,000  volts, 
with  some  machines  built  to  operate 
at  1.000.000  volts. 

X-rays  are  j)ropa>rated  in  straijrht 
lines,  traver.se  space  at  18G.000  miles 
per  second  without  any  trans¬ 
ference  of  matter,  are  capable  of 
beinK  reflected,  refracted  and  dif¬ 
fracted.  and  are  unaffected  by  elec¬ 
tric  or  magnetic  fields. 

X-rays  are  ab.sorbed  by  matter  in 
a  ratio  governed  by  the  wave  length 
of  the  rays  and  the  density  of  the 
substance  upon  which  they  fall,  the 
short-wave  rays  bein^  the  most 
jienetratin^  and  the  hi^h  density 
materials  showinjr  the  preate.st  ab¬ 
sorption  power.  The  whole  .science 
of  radiojjraphy.  both  medical  and 
industrial,  is  based  on  this  fact. 
For  example,  a  jriven  volume,  which 
has  a  different  density  from  the  sur- 


roundinK  substance,  will  absorb 
X-rays  in  different  ratio  from  the 
rest  of  the  sub.stance.  This  varia¬ 
tion,  when  rejristered  on  a  film,  will 
indicate  the  size,  shape,  position,  and 
relative  density  of  the  area. 

Imliixtriitl  Applications 

The  most  widespread  use  of 
X-rays  in  industry  at  pre.sent  is 
amonK  manufacturers  of  castings 
(steel,  brass,  aluminum,  etc.),  forg¬ 
ings,  and  welded  articles.  In  these 
fields  the  use  of  X-rays  should  be 
applied  as  a  control  for  manufac¬ 
turing  processes  rather  than  as  a 
feeder  for  the  scrap  heap.  X-rays  in 
the  foundry  should  be  a  regulating 
factor  for  chilling,  and  gating  opera¬ 
tions,  and  an  instructor  on  welding 
technique  in  the  pressure  vessel 
plant.  Only  in  rare  instances  is  com¬ 
plete  X-ray  inspection  of  the  entire 
output  either  practical  or  necessary. 


X-ray  examination  luis  been  extended 
to  metal  radio  tubes,  providing  a  non¬ 
destructive  check  on  alignment  of  the 
elements  after  assembly,  exhaust  etc. 
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tubes,  both  receiving  and  trans- 
mittinjr,  where  circuit  tests  demon¬ 
strate  trouble  but  do  not  indicate  its 
exact  nature  or  location.  Several 
radio  tube  concerns  maintain  their 
own  X-ray  plants  for  insjK'ction. 

X-ray  technicians,  followinjr  “try 
everythin}?”  methods,  have  managed 
to  make  X-ray  pictures  of  a  tremen¬ 
dous  number  of  thin}?'^,  many  of 
which  are  useful,  some  artistic,  and 
some  merely  bizarre.  Thus  X-rays 
have  been  used  to  show  the  i)resence 
of  iH?arls  in  oysters,  to  count  ajre- 
rin^s  in  trees,  to  determine  relations 
of  rubber  and  fabric  in  tires,  to  show 
the  condition  of  tooth  paste  in 
tubes,  to  show  likely  ash  content  in 
coal,  to  detect  artificial  jrems.  to 
study  art  objects,  and  to  show  the 
character  of  jroods  in  susjK'cted 
parcels  and  supposedly  contraband 
shipments.  Duriii}?  the  (Ireat  War 
one  zealous  Army  insi)ector  used 
X-rays  to  examine  a  load  of  unex¬ 
posed  films  destined  for  the  aerial 
|)hoto}rraphy  section.  Nwdless  to 
say,  none  of  the  i)ictures  taken  with 


A  defective  and  a  perfect  weld  made 
by  the  same  operator  usinf;  two  dif¬ 
ferent  methods.  The  X-ray  is  of  great 
use  in  developing  welding  methods 
and  technique,  testing  operators'  skill 

although  it  is  sometimes  specified  in 
weld  examination.  For  example, 
every  inch  of  the  400,000  feet  of 
welding  on  the  Boulder  Dam  was 
X-rayed  on  lotation,  and  in  many 
codes  for  fired  and  unfired  pressure 
vessel  inspection  a  higher  safety 
factor  is  assigned  to  welds  which 
have  been  radiographed  and  defects 
repaired. 

It  is  also  an  interesting  fact  that 
many  inter-company  disputes  over 
soundness  of  purchased  articles  have  the  metal  density  at  any  point  by  2  that  batch  of  films  amounted  to 
been  settled  by  X-ray.  Any  destruc-  per  cent  or  more  may  be  considered  anything. 

tive  test,  of  course,  would  ruin  the  detectable  by  X-ray  methods.  A  recent  development  rather 

product.  Use  of  X-rays  to  determine  cor-  similar  to  the  assembly  problem  is 

Defects  in  castings,  welds,  forg-  rectness  of  alignment  in  assembled  the  u.se  of  X-rays  to  detect  foreign 
ings,  and  like  metal  parts  most  articles  ranks  second  only  in  im-  articles  in  food,  canned  goods,  candy, 
readily  disclosed  by  X-ray  examina-  portance  to  casting,  forging,  and  tobacco,  and  like  commodities.  Most 
tion  are  (1)  cracks,  (2)  gas  pockets,  welding  work.  The  same  advantage  work  in  this  field  makes  use  of  the 
(3)  sand  and  slag  inclusions,  (4)  of  non-destructive  testing  applies  in  fluorescent  screen,  the  items  passing 
pipes,  (5)  porosity,  (6)  metal  segre-  this  field  where  it  is  valuable  to  on  a  conveyor  belt  through  the  X-ray 
gates  and  precipitates,  and  (7)  pro-  view  the  internal  relations  or  opera-  beam  which  causes  fluorescence  on 
nounced  granular  fracture.  Any  of  tion  of  assembled  mechanisms.  This  the  screen  and  registers  a  shadow  of 
these  or  similar  defects  which  vary  is  especially  true  with  metal  radio  the  inside  of  the  examined  article. 
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The  fluorescent  screen  is  not,  in 
general,  of  much  industrial  use, 
since  it  is  relatively  insensitive  ex¬ 
cept  where  the  density  of  the  in¬ 
spected  objects  and  the  accuracy  re¬ 
quired  are  low. 

One  large  firm,  tiring  of  lawsuits 
brought  by  persons  allegedly  finding 
metal  pieces  in  candies,  installed 
100''c  X-ray  inspection  on  every 
box  of  candy  sold  over  their 
counters.  X-rays  have  not  only  been 
used  to  di.sclo.se  the  presence  of  un¬ 
desirable  materials  in  meats,  to¬ 
bacco,  and  canned  goods,  but  to  de¬ 
termine  the  proportion  of  fat  to 
lean  in  beef.  Ham  brui.ses,  cau.sed  in 
shipping,  have  a  habit  of  setting  uj) 
a  progressive  inward  deterioration, 
the  extent  of  which  is  unpredictable 
except  on  opening  the  ham.  X-rays 
have  been  used  on  such  occasions 
with  excellent  results.  Differentia¬ 
tion  between  good  and  bad  eggs  is 
another  jjo.ssibility  which  has  been 
tried  successfully,  albeit  not  eco¬ 
nomically.  Perhaps  the  future  will 
find  the  X-ray  a  court  of  final  apiK*al 


are  not  fully  understood,  there 
are  literally  hundreds  of  changes 
wrought  by  this  method  and  it  seems 
likely  that  industry  will  one  day  de¬ 
rive  great  profit  from  some  startling 
discovery  in  this  line.  A  few  effects 
are  the  changing  of  starch  to  dex¬ 
trin,  the  inversion  of  cane-sugar 
solutions,  reduction  of  i)otassium 
iodide  to  iodine,  the  purple  staining 
of  glass,  fl(K‘culation  of  colloids,  in¬ 
crease  of  certain  catalytic  activity, 
and  the  explosion  of  hydrogen  in  the 
I)resence  of  waterdroplets. 

X-litiyx  atid  ('ryxtnis 

The  wave  length  of  X-rays  is  ex¬ 
ceedingly  tiny,  being  some  hundred 
millionths  of  a  centimeter.  It  so 
happens  that  the  same  dimension  ap- 
l)lies  to  the  crystalline  con-^truction 
exi.sting  in  luactically  all  forms  of 
matter. 

In  solid  bodies  the  atoms  are  .so 
clo.sely  packed  that  they  are  forced 
into  neat  rows,  and  the  rows  into 
sheets  perfectly  arranged  at  regular 


distances  apart.  The  resulting  struc¬ 
ture  is  known  as  a  crystal,  each 
chemical  compound  having  its  own 
crystalline  form  by  which  it  may  be 
identified. 

The  sheets  or  plane  faces  of 
crystals  affect  X-rays  in  a  manner 
similar  to  a  grating  diffracting  a 
light  beam. 

Consider  what  happens  when  a 
wave  train  from  X  falls  obliquely 
on  a  crystal  having  its  atoms 
arranged  in  sheets  a,  h,  c,  d,  etc. 

The  energy  is  reflected  from  jdane 
a  as  if  originating  at  A,  from  h  as 
if  at  H,  from  c  as  if  at  C,  etc.  The 
reflected  wave  front  at  Y  is  the  joint 
effect  of  all  waves  superimposed  but 
having  definite  phase  relations  with 
each  other.  A  photograph  of  the  re¬ 
sult  will  be  similar  to  one  of  a  light 
beam  diffracted  at  the  grating  ABC. 
If  the  crystal  is  at  the  proper  angle, 
the  wave  from  b  will  be  exactly  one 
wave  length  behind  that  from  a  and 
the  two  will  reinforce  each  other; 
that  is.  will  be  in  phase.  Otherwise, 
the  phase  opj)osition  cancels  the 
effect  and  the  result  is  zero.  By 
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Molecular  cryMal  structure  acts  as  a  lattice  for  diffracting  \-ra\s  into  ^ 
ftatterns  uhich  reveal  the  identity  of  the  crystal.  Two  ivpicid  lattice  J 
structures  are  shown  at  the  rifiht 


careful  consideration  of  the  angle 
of  reflection  and  wave  length  of 
ladiation,  the  atom-arrangement  of 
the  crystal  may  be  calculated.  The 
relation  of  the  scattered  radiation  to 
the  reflecting  jilane  is  expres.sed  in 
the  equation, 

X  =  2d  sin  e 

where  x  is  the  wave  length,  d  is  the 
distance  between  planes,  and  ^  is 
the  angle  of  reflection. 

So  far  our  discussion  has  dealt 
with  the  effect  of  a  single  crvstal 


This  tOOjttM)  volt  Kelley-Koett  indus¬ 
trial  X-ray  unit  is  one  of  the  largest 
ever  made.  It  finds  extensive  use  in 
examining  welds  and  structural  mem¬ 
bers 


in  the  meat,  canned  goods  and 
P'  ultry  industries. 

There  is  a  branch  of  X-ray  study, 
as  yet  unpublici.sed,  yet  none  the  less 
active  and  valuable.  That  X-rays 
ca  ise  unusual  effects  on  some  chemi- 
ca'  compounds  has  been  known  for 
ye  irs,  but  to  date  nothing  of  any 
re<  ognized  commercial  importance 
ha  resulted  from  these  researches, 
asi  le  from  the  photochemical  effect 
on  :ilm  emulsions.  Even  though  the 
various  X-ray-chemical  phenomena 
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Healer  coils  of  a 
domestic  appliance 
X-ray  tested  for 
proper  spacing  be¬ 
lli  een  turns 


etc.  X-ray  studies  are  responsible 
for  determining  the  relation  be¬ 
tween  conditions  existing  in  plating 
processes  and  the  resulting  deposit. 

Also,  X-rays  are  capable  of  dis¬ 
closing  the  various  events  occurring 
within  crystals  of  metal  subject  to 
heat  treatment,  cold  working,  and 
strain  long  before  the  inter-crystal¬ 
line  boundaries  are  sufficiently 
affected  to  be  visible  under  the 
microscope. 


and  is  open  to  the  criticism  that 
most  matter  is  not  composed  of 
single  crystals  but  of  large  numbers 
grouped  together  with  planes  point¬ 
ing  in  various  directions.  In  reality, 
we  cannot  think  of  a  crystal  as  a 
single  set  of  parallel  planes,  but  must 
remember  that  it  represents  groups 
of  atoms  arranged  in  a  three  dimen¬ 
sional  lattice.  By  selecting  different 
sets  of  atoms  we  can  draw  many  dif¬ 
ferent  sets  of  parallel  sheets  capable 
of  reflecting  X-rays  when  at  the 
proper  angle.  So,  for  example, 
among  the  innumerable  crystals  in 
a  piece  of  steel  there  will  be  some 
here  and  there  which  will  be  set  to 
reflect  our  X-rays.  *  . 

One  example  of  X-ray  diffrac¬ 
tion’s  solution  of  an  industrial  prob¬ 
lem  is  the  analysis  of  alpha  and 
gamma  iron.  Pure  iron  at  ordinary 
temperatures  (alpha  iron)  has  the 
crystal  form  known  as  body  centered 
cubic.  Pure  iron  at  1,000°C  (gamma 
iron)  changes  its  crystal  form  to 
that  of  the  face  centered  lattice 
cube.  These  two  forms  of  iron  have 
different  properties  and  are  suitable 
for  different  purposes.  The  true  ex¬ 
planation  of  the  difference  between 
the  two  crystal  forms  was  only 
solved  by  X-ray  methods. 

A  recent  application  is  the  analysis 
of  electro-deposited  metals.  Metals 
deposited  under  different  conditions 
show  entirely  different  properties, 
such  as  hardness,  brittleness,  grain. 


Construction  of  an  Industrial 
X-ray  Laboratory 


Construction  of  an  industrial 
X-ray  laboratory  may  be  divided  into 
three  sections,  (1)  generating  unit, 
(2)  X-ray  tube  housing,  and  Cl) 
dark-room. 

(1)  Generating  equipment  is 
usually  built  in  a  unit  containing 
high-tension  transformer,  control- 
or  auto-transformer,  X-ray  tube 
filament  transformer,  rectifying 
mechanism,  and  operating  dials  and 
meters.  Each  X-ray  concern  has  its 
own  way  of  arranging  the  relative 
position  of  these  pieces,  but  all 
operate  oh  ^he  same  principle,  and 
no  one  arrangement  seems  to  have 
any  great  advantage  over  another. 

(2)  Leads  from  the  generating 
unit  carry  the  power  to  the  X-ray 
tube  which  is  located  some  little  dis¬ 
tance  away  and  should  be  enclosed 
in  lead  except  for  a  port  to  allow 
X-ray  beam  passage.  The  X-ray 
tube  compartment  is  so  suspended 
that  it  can  be  raised,  lowered,  and 


rotated  to  jirovide  for  taking  radio¬ 
graphs  at  various  angles. 

Cl)  Many  plants  already  have  a 
dark-room  for  use  of  the  metallo- 
graphic  department.  The  same  room 
may  easily  be  rearranged  or  ex¬ 
tended  for  development  of  films. 

Once  the  type  of  eiiuipment  is 
selected,  the  most  important  con¬ 
sideration  then  becomes  the  arrange¬ 
ment  of  the  units  in  a  way  not  only 
to  guarantee  the  highest  efficiency 
and  safety,  but  also  to  insure  easy 
operation  for  the  work  to  l)e  done. 

If  the  products  to  be  examined  are 
small,  then  the  customary  medical 
set-up  may  jirove  satisfactory.  If 
the  objects  are  awkward  in  size  or 
shape,  provisions  must  be  made  by 
changes  in  the  tube-holder.  Where 
it  is  necessary  to  radiograph  large 
unwieldy  objects  the  only  solution  is 
the  building  of  portable  apparatus. 

.Any  X-ray  laboratory  design  must 
cover  precautions  for  the  j)roper 
safety  factors,  both  from  the  elec¬ 
trical  and  X-ray  standpoints.  Not 
only  is  the  oi)erating  voltage  high, 
but  the  danger  to  health  from  X-ray 
exposure  is  a  serious  problem  de¬ 
manding  sufficient  shielding  and 
education  of  the  workers.  X-rays 
l)roduce  no  physical  sensation  by 
which  their  presence  can  Ik*  detectetl, 
but  small  doses  at  short  intervals 
exert  a  cumulative  effect  sometimes 
fatal.  Not  only  is  the  primary  beam 
injurious,  but  so  also  is  the 
secondary  radiation  produced  by  its 
impact  on  matter,  and  the  tertiary 


.4  radiograph  of  a  pump  housing 
ichich  shotted  shrinkage  in  the  luo 
flanges  anil  the  calve  sea’  uhich,  un¬ 
detectable  by  the  eye,  might  event¬ 
ually  cause  a  failure  of  the  housing 


rays  ^renerated  by  the  secondaries. 

Another  trouble-maker  is  the  ju’o- 
duction  of  electrostatic  disturbances 
by  an  X-ray  machine  in  operation. 
This  is  siHJciatly  bothersome  when 
the  apparatus  is  run  near  a  labora¬ 
tory  usin^r  delicate  electrical  measur¬ 
ing'  instruments  such  as  ^'alva- 
nometers  and  vacuum  tube  devices. 
.Although  easily  remedied,  it  often 
cau.ses  no  little  annoyance  before 
rijrht  shieldin^r  methods  are  adoj)ted. 

Prices  Kiven  below  are  only  ap¬ 
proximate  but  are  indicative  of  the 
cost.  Apparatus  usin>r  a  voltage  uj) 
to  75,0()(»  volts  will  X-ray  0.2  inches 
of  steel.  It  will  cost  approximately 
$2,000.  A  :i(H),000  volt  e(iuipment 
will  X-ray  4.8  inches  of  steel  and 
will  cost  $15,000. 

An  alternative  to  the  construction 
of  an  X-ray  laboratory  of  entirely 
new  eiiuii)ment  has  many  times 
proved  its  value  where  a  lar^'e  ex¬ 
penditure  is  impo.ssible.  A  labora¬ 
tory  built  by  the  careful  assembly 


.\-r«y  in.spet  liini  of 
It  tonii>lt-x  cnstinf’, 
the  top  i-asinf!  of 
tin  iippliimce  motor 
I  note  hrnsh  hold¬ 
ers  ) 


I  itcuiim  cleaner  attachment  casthifc 
radioiiraphed  for  porosity  and  im¬ 
perfections 


of  u.sed  equii)ment  in  most  cases 
comi)ares  well  in  operation  and 
quality  of  work  with  those  which 
have  the  latest  type  of  apparatus. 

Used  X-ray  eijuipment  cannot  be 
ompared  to  u.sed  automobiles,  for 
<>nly  one  or  two  small  moving  I)arts 
are  .subject  to  wear  in  an  X-ray  ma- 
ihine;  the  major  portion  is  com- 
]  osed  of  transformers  and  wirinjr, 
{tnd  with  proper  treatment  should 
last  indefinitely.  Nor  is  the  prin- 
c  pie  of  these  used  machines  any  dif- 
lerent  fiom  the  new  ones,  for  the 
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Pity  the  Parts 

Set  Makers  Profit.  Parts  Suppliers  Lose  Money. 


By  HUGH  H.  EBY 

Everyone  in  radio  knows  Hugh 
Eby  as  a  pioneer  manufacturer, 
president  of  his  own  company  in 
Philadelphia.  We  are  happy  to 
present  below  his  views  on  a  mat¬ 
ter  that  affects  the  entire  radio 
industry.  For  our  own  attitude,  see 
Crosstalk,  Electronics,  December, 
1935. 

Undoubtedly,  1935  was  a 

good  year  for  radio,  receiver 
manufacturers.  More  set  makers 
made  more  money  than  for  many 
years  past. 

On  the  other  hand,  it  is  equally 
evident  that  the  trade  still  has  an 
important  step  to  take.  For,  while 
it  is  clear  that  radio  manufacturers 
in  general  made  substantial  profit 
showings,  it  is  also  clear  that  most 
of  their  parts  suppliers  did  not. 
Many  made  less  than  ever  before. 
This  is  where  the  rub  comes  in.  That 
is  the  danger  point  to  the  radio  trade 
as  a  whole. 

How  could  parts  suppliers  be  ex¬ 
pected  to  make  money  on  volume 
controls  supplied  to  set  manufac¬ 
turers  at,  say,  14c. ;  on  resistors  sell¬ 
ing  from  $12  to  $15  per  thousand; 
on  speakers  under  $1 — to  quote  but 
a  few  current  prices? 

While  the  percentage  of  failures 
among  radio  set  manufacturers  has 
shown  a  steady  decrease  since  1930, 
the  number  of  parts  manufacturers 
who  have  endured  reverses  has 
steadily  mounted.  Altogether  this 
has  an  ominous  sound.  It  is,  in  fact, 
the  rumble  of  a  distant  drum,  be¬ 
cause  it  points  to  a  weakening  link 
in  that  chain  of  closely  inter-related 
factors  on  which  the  ultimate  suc¬ 
cess  or  demoralization  of  the  radio 
trade  depends. 

To  Make  or  to  Buy? 

Let  our  memories  be  refreshed  on 
this  point.  Years  ago  it  became  ap¬ 
parent  to  set  manufacturers  that 
it  was  logical  to  buy  certain  radio 
components  from  outside  specialty 


manufacturers.  The  parts  manufac¬ 
turer,  having  skilled  engineers  who 
concentrated  their  efforts  on  perfect¬ 
ing  certain  radio  receiver  com¬ 
ponents,  became  an  authority  in  his 
chosen  field.  Serving  many  set 
manufacturers  with  his  technical 
staff  and  special  facilities,  he  offered 
a  service  unattainable  otherwise. 

Moreover,  he  effected  great  econo¬ 
mies  by  spreading  the  cost  so  as  to 
make  it  nominal  for  each  set  manu¬ 
facturer.  Of  even  greater  im¬ 
portance,  however,  is  the  fact  that 
with  his  plant  facilities  and  equip¬ 
ment  the  parts  manufacturer  pro¬ 
vided  the  necessary  ela.sticity  in  pro¬ 
duction  to  tide  the  set  manufacturer 
over  the  peaks  and  valleys  of  season¬ 
able  production.  Obviou.sly,  then, 
the  parts  manufacturer  became  a 
tower  of  strength  in  emergencies — 
a  mainstay  of  the  whole  industry 
throughout  the  year. 

Now  it  must  be  remembered  that 
a  mainsta.v  contributes  to  the  sup¬ 
port  of  something  that  might  topple 
of  its  own  weight — like  the  mast  of 
a  sailing  ship.  To  ignore  a  main¬ 
stay  in  fair  weather  is  bad — but  to 
hack  at  it  with  a  knife  is  madness, 
even  with  no  storm  coming.  And 
for  the  radio  industry  as  a  whole 
hectic  times  are  always  in  the  offing. 
Television,  for  example,  might 
affect  the  whole  production  and  sales 
machinery  of  all  manufacturers  as 
if  a  hurricane  had  swept  down.  And 
yet  the  mainstay  is  being  cut  — 
hacked  at  by  the  slow  insidious 
process  of  placing  more  and  more 
emphasis  on  price. 

This  is  not  said  in  an  attempt  to 
condemn  any  reasonable  price  policy. 
The  call  for  better  parts  at  lower 
prices  has  developed  manufacturing 
ingenuity  to  as  high  a  degree  as 
you  will  find  in  any  industry  in  the 
world.  Parts  produced  as  a  result 
of  these  advances  have  done  much 
for  radio.  They  have  brought 
modern  radio  receivers  within  the 
reach  of  countless  buyers  who  could 
not  have  purchased  at  higher  prices. 


They  have  oi)ened  vast  new  markets 
in  many  directions. 

The  point  is  that  the  price  situa¬ 
tion  has  obviou.sly  been  carried  too 
far.  Beyond  the  point  of  doing  any 
further  good  it  now  looms  as  a 
potential  factor  for  va.st  harm.  It 
promises  harm  not  alone  to  parts 
suppliers  but  to  radio  as  a  whole. 

It  is  hardly  necessary  to  recount 
some  of  the  practices  to  which  parts 
suppliers  have  l)een  subjected  in  the 
race  to  obtain  price  concessions 
above  and  beyond  those  made 
feasible  by  the  hone.st  development 
of  manufacturing  facilities. 

Sometimes  they  are  forced  to  bid 
for  the  very  right  to  make  a  product 
of  their  own  design.  Sometimes 
their  blueprints  or  .sample.s — prod¬ 
ucts  of  skilled  research  and  en¬ 
gineering  genius — are  given  for 
competitive  bids  to  price-cutting 
organizations  (cunning  imitators, 
merely)  with  no  engineering  staff 
and  no  overhead  allowances  for  re- 
.search  and  invention.  Sometimes 
they  are  asked  to  assume  patent  in¬ 
fringement  ri.sks  which  the  manu¬ 
facturers,  who  will  use  the  parts, 
hesitate  to  assume. 

....  All  of  which  has  forced  the 
parts  supplier  time  and  again  to 
take  orders  on  a  “take  it  or  leave  it” 
basi.s — at  prices  which  fail  to  cover 
his  engineering  and  development 
costs  and  that  do  not  permit  of  the 
quality  which,  in  the  long  run,  is 
going  to  be  a  mighty  important 
factor  in  influencing  public  opinion 
regarding  radios. 

Now  all  of  this  is  a  general  con¬ 
dition.  All  of  us  are  aware  of  it 
and  each  of  us  is  prone  to  place  the 
blame  elsewhere. 

Is  a  set  manufacturer  to  be 
blamed  for  taking  advantage  of 
lower  prices  when  they  are  volun¬ 
tarily  offered,  as  they  frequently 
are? 

Is  a  parts  supplier  to  be  blamed 
for  parrying  cut  price  with  cut 
price  in  a  desperate  effort  to  keep  his 
factory  wheels  turning? 


12  February  1936  —  ELECTRONICS 


r 


Suppliers! 


Who  Is  At  Fault? 


Looking  at  things  from  a  prac¬ 
tical  immediate  standpoint,  the 
answer  is  “No!”  But  all  of  us  must 
admit  that  that  is  not  an  enduring 
answer.  It  can  never  lead  to  a  satis¬ 
factory  final  solution. 

For  this  fact  is  clear:  Unless  peirts 
suppliers  can  also  make  money  they 
cannot  continue  to  render  the  ade¬ 
quate  seriHce  ivhich  has  proved  so 
essential,  so  economical  to  the  in¬ 
dustry  in  the  past.  Unless  they  make 
reasonable  profits  the  trade  as  a 
whole  is  bound  to  sulfer. 

From  every  practical  standpoint, 
as  previously  related,  parts  makers 
have  proved  their  value  to  set  manu¬ 
facturers  in  the  past.  And  if  they 
are  to  continue  in  the  services  their 
experience  and  set-up  so  eminently 
eciuip  them  to  Kive,  they  must  be 
dealt  with  accordinKl.v.  Beyond  a 
certain  point  (which  is  clearly  ob¬ 
vious  to  all  concerned)  it  is  danjrer- 
ous  to  pit  one  against  the  other. 
And  it  is  equally  danjrerous  to 
re^'ard  price  as  the  foremost  con¬ 
sideration  in  dealing  with  them. 

Which  brintfs  us  squarely  up  to 
the  matter  of  quality.  And  there 
comes  a  second  rub — a  second  point 
of  danjrer. 

With  more  and  more  emphasis  be- 
intf  placed  on  the  price  of  radio 
components,  it  is  obvious  that  only 
one  thinK  could  happen.  Slowly  but 
surely  inferior  parts  crept  into  the 
picture.  Slowly  but  surely,  inferior 
radio  .sets  found  their  way  to  the 
market. 

Look  backward  a  moment :  Service¬ 
men  and  parts  jobbers  were  in 
existence  before  1931,  it  is  true.  But 
not  in  the  quantity  they  are  today. 
The  enormous  f?rowth  of  the  radio 
servicing  industry  and  the  almost 
geometrical  multiplication  of  parts 
jobbers  was  exactly  coincident  with 
he  introduction  of  radios  which 
vere  low  in  price  but  which  were 
ow  on  quality,  too.  In  other  words, 
■ven  the  ultimate  consumer  has  been 
lurt  in  the  price  race  because  he 
nas  received  less  in  the  way  of  true 


How  Long  Can 


quality  than  he  has  every  right  to 
expect  considering  the  good  names 
of  the  manufacturers  involved. 

There  are  21,455,000  radio  sets 
in  use,  and  a  lot  of  troubles  can  de¬ 
velop  in  so  many  complex  units.  But 
there  are  also  21,430,000  automobiles 
— yet  the  number  of  garage  me¬ 
chanics  has  actually  decreased  in 
the  past  five  years.  Nor  has  the 
increasing  use  of  electrical  refrigera¬ 
tors  created  a  servicing  industry 
comparable  in  any  sense  to  the 
steadily  mounting  number  of  radio 
.servicemen — a  number  variously 
estimated  at  from  25,000  to  75,000, 
and  steadily  growing. 

And  why,  pursuing  it  further, 
cannot  all  radio  sets  be  sold  with 
longer  guarantees?  Consumers  are 
asking  this  question.  The  glib 
answer  that  all  radio  troubles  for 
which  the  retailer  can  be  held  re¬ 
sponsible  develop  within  ninety  days 
or  not  at  all  leaves  the  consumer  in 
a  highly  speculative  frame  of  mind 
when  he  contemplates  the  guarantees 
upon  the  other  mechanical  and  elec¬ 
trical  devices  belonging  to  him. 

No  Profits  in  a  Good  Name? 

Whether  we  realize  it  or  not,  this 
is  very  likely  to  become  a  far  more 
important  consideration  than  it  is 
today.  Certainly  there  can  be  no 
lasting  benefit  to  the  industry  from 
the  continued  sale  of  sets  con- 
.structed  of  parts  that  have  been 
built  down  to  a  given  price  rather 
than  up  to  a  quality  standard.  Car¬ 
ried  beyond  the  depression  into  a 
period  of  renewed  prosperity  set 
selling  of  this  sort  can  become  dis¬ 
tinctly  dangerous.  It  means  secur¬ 
ing  sales  at  the  expense  of  the  good 
name  of  the  industry.  And  the 
preservation  of  a  good  name  is  not 
wholly  a  sentimental  consideration. 
It  is  elemental  common  sense  in  any 
pursuit  except  those  of  the  “clean- 
up-and-quit”  variety. 

If  the  present  trend  continues, 
how  long  before  we  hear  this  state¬ 


is  Go  On? 


ment  echoed  by  all  important  out¬ 
lets,  as  we  now  hear  it  whispered 
here  and  there:  “We  find  that  the 
cost  of  parts  replacement  and 
servicing  neces.sary  to  keep  install¬ 
ment  buyers  satisfied  through  the 
completion  of  their  payments  is 
making  increa.sed  inroads  in  our 
profits.  More  salesmanship  is  re¬ 
quired  of  us  nowadays  to  keep  our 
customers  .satisfied.” 

This  is  not  meant  to  imply  that 
the  set  manufacturer  is  to  blame  for 
the  present  condition.  Every  part.s 
supplier  who  has  deliberately  cut 
under  a  competitor’s  price  to  land 
an  order,  or  who  has  under-bid  on 
another’s  design,  is  equally  to  blame 
— and  that  probably  includes  all  of 
us.  In  short,  this  portion  of  radio’ 
is  the  victim  of  upset  economic  con¬ 
ditions  to  a  far  greater  extent  than 
it  has  been  victimized  by  any  or  all 
of  those  in  it.  The  point  is  that, 
in  the  long  run,  set  manufacturers 
also  stand  to  lose  if  radio  sets  are 
not  all  they  should  be.  And  they 
are  also  the  ones  in  the  best  position 
to  take  the  initiative  in  strengthen¬ 
ing  the  position  of  parts  suppliers 
that  their  worth  to  the  industry  may 
be  increased  rather  than  curtailed. 
They  are  in  the  driver’s  seat. 

A  study  of  radio  prices  would  in¬ 
dicate  that  the  retail  sales  price  of 
most  sets  is  too  low — lower  in  fact 
than  needs  be  to  insure  the  same 
volume  of  business  and  the  same 
sales  opportunities  as  now  obtained. 
It  is  extremely  doubtful  that  a  slight 
increase  in  list  prices  would  mean  a 
single  lost  sale  in  the  long  run.  And 
even  a  slight  increase  in  prices  paid 
to  parts  suppliers  would  spell  the  dif¬ 
ference  between  profit  and  loss;  be¬ 
tween  good  parts  and  those  of  only 
mediocre  quality;  between  honest 
engineering  and  price  competition. 

And  it  would  likewise  spell  the  dif¬ 
ference  between  moderately  good 
radios  and  fine,  precision  instru¬ 
ments  which  do  not  endanger  or  com¬ 
promise  the  good  name  of  the  set 
manufacturer  involved. 


HLECTRONICS  —  Fefcraarv  1936 


•  U 


Class  B  and  AB  Audio  Amplifiers 


Output  transformer  (lesijin.  better  understaiKlin*::  of  these  more  efHeieiit  amplifiers, 
approximate  methods  of  determining;  load  resistance  and  power  out|uit 


THIS  article  is  written  to  aid  in 
designing  output  transformers 
for  class  B  and  class  AB  amplifiers, 
to  describe  the  manner  in  which 
these  amplifiers  operate  and  an  ap¬ 
proximate  way  of  determining  the 
load  resistance  and  power  output  in 
the  fundamental,  and  to  give  a  way 
in  which  the  distortion  components 
may  be  determined  approximately 
from  the  characteristic  curves  of  the 
tube. 

The  Chmn  B  A)n])ifier 

This  type  of  power  amplifier  op¬ 
erates  with  such  grid  bias  and  d-c 
plate  potential  that  there  is  prac¬ 
tically  no  d-c  plate  current  when  the 
signal  voltage  is  zero.  It  requires 
two  tubes  to  give  a  wave  form  in 
the  load  that  is  nearly  like  the  wave 
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form  of  the  input  signal.  The  two 
tubes,  working  in  a  balanced  push- 
pull  arrangement,  produce  in  most 
respects  what  a  single  larger  tube 
will  do  when  operating  as  class  A. 
The  only  essential  differences  be¬ 
tween  these  two  is  that  in  the  class 
B  amplifier  the  d-c  plate  current 
with  no  signal  is  small  compared  to 
the  d-c  plate  current  of  a  single 
class  A  tube  which  will  give  the 
same  a-c  power  output.  This  results 
in  higher  efficiency  for  the  class  B 
amplifier.  Because  of  the  way  in 
which  the  tubes  are  biased  and  be¬ 
cause  of  the  higher  plate  efficiency 
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of  the  class  B  amplifier  it  is  custom¬ 
ary  to  drive  the  grids  positive. 
Class  A  amplifiers  are  usuall.\  not 
driven  positive  but  could  be  to  some 
e.xtent  as  long  as  the  d-c  operating 
conditions  necessary  to  prevent  dis¬ 
tortion  do  not  give  ri.se  to  excessive 
heating  of  the  plate. 

The  class  B  amplifier  retpiires  two 
primary  windings  on  the  cutput 
transformer  to  transfer  the  output 
power  to  the  load.  The  two  wind¬ 
ings  together  serve  the  same  pur¬ 
pose  as  a  single  winding  of  the  same 
number  of  turns  as  each  of  the  two 
for  the  single  equivalent  class  A 
tube.  Fig.  1  shows  how  the  wind¬ 
ings  are  related  to  each  other.  They 
are  drawn  in  this  way  to  make 
the  analogy  to  the  equivalent  class 
A  tube  more  striking.  P’or  a 
swing  of  the  input  voltage  which 
is  positive  to  the  upper  tube 
the  winding  in  the  plate  circuit  of 
this  tube  carries  a-c  towards  the 
plate  while  the  current  in  the  other 
winding  is  practically  zero.  Then 
when  the  input  voltage  becomes  po¬ 
sitive  with  respect  to  the  lower  tube 
the  winding  in  the  plate  circuit  of 


Fig.  2 — Ip’Eg  dynamic  character¬ 
istics  of  Class  B  unit 


that  tube  carries  a-c  toward  its  plate 
while  the  current  in  the  other  wind¬ 
ing  is  practically  zero.  This  gives 
the  same  results  so  far  as  the  voltage 
induced  into  the  secondary  is  con¬ 
cerned  as  would  be  obtained  if  the 
two  class  B  tulH‘s  were  replaced  by 
an  e(piivalent  tube  operated  as  class 
A  and  only  one  primary  winding 
used  to  carry  a-c  in  alternate  direc¬ 
tions  for  the  two  halves  of  the  input 
cycle.  The  graphical  analysis  of 
Fig.  2  illustrates  the  currents 
through  each  of  the  two  windings 
as  derived  from  an  ideal  dynamic 
characteristic  of  the  class  B  tubes  as 
a  unit.  The  dotted  line  current 
waves  on  this  graph  illustrate  cur¬ 
rents  whose  effects  are  practically 
balanced  out  in  the  magnetic  medi¬ 
um  of  the  transformer.  Actually  it 
is  never  possible  to  obtain  such  an 


Fig.  .1 — Composite  Ip-Ep  char¬ 
acteristics  of  Class  B  unit 


ideal  dynamic  characteristic  for  a 
class  B  unit.  If  the  load  resistance 
is  too  high  the  characteristic 

will  flatten  off  at  the  two  extremes 
of  the  grid  swing  as  shown  by  the 
dotted  lines  and  if  too  low  they  will 
follow  the  dashed  lines.  Di.stortion 
will  result  in  either  ca.se. 

For  an  ideal  transformer,  if  N 
is  the  ratio  of  the  turns  of  one  pri¬ 
mary  winding  to  the  secondary 
winding,  the  load  resistance  Kt.  is 
transferred  as  a  resistance  Ki.N^  to 
the  two  class  B  tubes  as  a  unit  or 
to  the  single  equivalent  class  A  tube. 
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This  is  tht*  imix'daiK-e  that  doter- 
niiiM‘s  the  dyiiamii*  characteristics 
of  the  unit  and  the  power  output  of 
the  unit  and  not  the  so-called  plate- 
to-plate  impedance.  Hy  analoy'y  to 
the  ecpiivalent  class  A  tube  the  power 
in  fundamental  is 

.\  ■ 

/',  = 

■  R,  \-  -t-  r,.- 

in  which  u/-;,,  is  the  eipiivalent  gen¬ 
erated  voltay'e  and  r,,  is  the  internal 
impedance  for  the  class  B  unit.  The 
tulH*  factors  u  and  />  have  the  same 
si^rniticance  for  the  class  B  unit  as 
they  do  for  the  single  eciuivalent 
class  A  tube.  Because  the  class 
15  tubes  are  driven  over  a  much 
greater  ranjre  the.se  factors  vary 
-cme  over  the  ran^e  of  opera¬ 
tion.  This  is  especially  true  of  r,,. 
The  factors  and  r,,  may  be  meas¬ 
ured  by  direct  methods  for  .several 
\  allies  of  d-c  plate  and  ^rid  voltages 
end  the  averay^e  taken.  The.se  con- 
^tants  may  be  also  obtained  from 
the  characteristic  curves  of  the  tube 
as  follows: 

The  factor  r,,  is  the  reciprocal  of 
he  slope  of  the  strai^^hter  portion 
<  f  the  Ii-K,.  curve  at  some  constant 
'alue  of  jrrid  potential.  Since  the 
1  -K,,  curves  do  not  all  have  the  same 
slojie  the  average  of  .several  curves 
.'■hould  be  determined.  Usually  it  is 
ifficiently  accurate  to  evaluate  >> 
I'om  an  curve  which  corre- 

s  tonds  to  a  d-c  K>*id  potential  equal 
t  '  the  r.m..s.  value  of  the  a-c  )jrid 
I  itential  above  the  Ki’id  bias  poten- 
t  al  E„f,.  Since  p  =  where 


Gi„i  is  the  tran.sconductance  of  the 
tube,  it  is  necessary  to  evalute  Gpg 
to  >ret  M.  The  tube  factor  G,,„  is  the 
slope  of  a  line  which  coincides  with 
the  y^reater  jiortion  of  the  Ip-E,,  char¬ 
acteristic  for  a  jiarticular  value  of 
plate  potential.  Becau.se  the  slopes 
of  all  such  lines  for  different  values 
of  K,,  differ,  the  average  must  be 
taken.  When  the  curves  are 

not  available  G,,„  may  be  evaluated 
from  the  curves  by  dividing' 

the  chanye  in  i)late  current  by  the 
change  in  yndd  potential  which  pro¬ 
duces  the  chany'^e  in  plate  current 
when  leadin^'^  such  chancres  alony  a 
constant  plate-potential  line. 

Distortion 

The  expression  for  the  power  out¬ 
put  of  the  class  B  unit  drives  only 
the  jiower  in  the  fundamental.  The 
expression  is  quite  accurate  for  tubes 
operated  with  ne^mtive  bias  like  the 
45.  but  not  for  tubes  like  the  46 
oiierated  only  in  the  jiositive  region 
of  the  ^rid  swinjr.  There  is  no  sim- 
l)le  expre.ssion  from  which  the  di.s- 
tortion  iiower  may  be  calculated. 
Distortion  will  result  when  the  sum 
of  the  currents  in  the  two  windinjrs 
of  the  primary  do  not  follow  a  sine 
wave.  This  means  that  the  current 
in  one  primary  need  not  be  a  sine 
function  as  lonp  as  the  current  in 
the  other  windinjr  is  of  the  proper 
character  to  make  the  sum  of  the 
two  a  sine  wave.  For  low  values 
of  input  voltage  the  distortion  is 
due  to  the  upward  curvature  of  the 
dynamic  characteri.stic.  pistortion 


of  this  nature  is  largest  when  the 
load  impedance  Ri.'X  to  the  class  B 
unit  is  smallest.  For  a  high  input 
voltage  the  distortion  decreases  at 
fir.st  with  increa.se  in  load  resistance, 
reaches  a  minimum  and  then  in¬ 
creases  when  the  downward  curva¬ 
ture  of  the  dynamic  characteristic 
becomes  e.xcessive.  This  means  that 
there  is  .some  value  of  load  resis¬ 
tance  that  results  in  minimum  dis¬ 
tortion  for  a  given  input  voltage. 
This  value  of  load  resistance  does 
not  generally  agree  with  the  value 
which  will  result  in  maximum  power 
in  the  fundamental  for  a  fixed  input 
voltage,  nor  with  the  value  which 
will  result  in  the  maximum  possible 
power  for  a  given  amount  of  distor¬ 
tion.  It  is  po.ssible  to  predict  from 
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the  characteristic  curves  of  the  tubes 
the  load  resistance  which  gives  the 
maximum  possible  power  output  for 
a  limited  amount  of  distortion.  The 
procedure  is  exactly  the  .same  as  for 
the  eiiuivalent  class  A  tube.  From 
a  given  load  line  (Fig.  3)  the  dy¬ 
namic  characteri.stic  of  /,,  versus 
can  be  determined  as  for  a  class 
A  tube.  Then  it  is  possible  to  de¬ 
termine  the  distortion  fairly  accu¬ 
rately.'  The  distortion  will  not  be 
serious  if  the  load  resi.stance  RrN 
is  such  that  the  load  line  crosses  the 
characteristic  for  the  peak 
swing  of  the  grid  voltage  above  the 
knee  of  this  characteristic. 

Class  II  Output  Transformer 

The  above  theory  gives  the  condi¬ 
tions.  with  reference  to  the  equiv¬ 
alent  impedance  of  the  source,  which 
must  be  considered  in  the  design  of 
the  output  transformer.  The  cla.ss 
B  unit  is  replaced  by  a  single  equiv¬ 
alent  Class  A  tube.  The  equivalent 
source  is  a  generator  of  pEg  volts 
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with  an  internal  impedance  of 
ohms.  From  this  equivalent  source, 
power  is  supplied  to  the  load  through 
only  one  of  the  primary  windings. 
Hence  the  inductive  reactance, 
of  each  primary  winding,  with  sec¬ 
ondary  open,  must  satisfy 

u)L»,  = 

Rl  ^'■rp 

j  db  loss 

(RlN^  -I-  r,. /(antilogio - — )* —  1 

\  20 

where  the  db  loss  is  the  loss  in  dec¬ 
ibels  allowed  at  the  lowest  fre¬ 
quency  over  the  losses  in  the  trans¬ 
former  at  medium  frequencies.  The 
d-c  resistances  of  the  windings  should 
be  added  to  Rl  for  the  secondary 
and  Tp  for  the  primary.  The  ratio 
of  turns.  A’,  of  one  primarj'  winding 
to  the  secondary  winding  must  be 
such  as  to  transfer  the  load  resis¬ 
tance  Rl  to  whatever  resistance  is 
necessary  for  the  Class  B  unit.  The 
load  resistance  for  a  given  amount 
of  distortion  is  determined  largely 
by  experiment. 

Since  only  one  primary  winding 
carries  current  at  a  time,  it  is  good 
practice  to  interspace  the  primary 
windings  with  each  other  so  they 
will  have  the  same  resistance  and 
will  also  have  the  same  leakage  in¬ 
ductances  with  respect  to  the  sec¬ 
ondary.  The  two  primary  windings 
should  also  be  interspaced  with  the 
secondary  winding  and  preferably  be 
placed  between  the  two  halves  of 
the  secondary.  This  interspacing  is 
necessary  to  improve  the  high  fre¬ 
quency  response. 

The  Class  AB  Amplifier 

The  class  AB  amplifier  operates 
with  grid  bias  intermediate  to  that 
of  class  A  and  class  B  and  is  so 
driven  that  a-c  plate  current  in  each 
tube  flows  for  more  than  180°  and 
less  than  360°  of  the  input  cycle. 
Because  the  grids  are  driven  positive 
this  amplifier  requires  driving  power. 
The  same  analogy  to  one  equivalent 
class  A  tube  to  replace  the  two  class 
AB  tubes  may  be  carried  out  sim¬ 
ilarly  as  it  was  done  for  the  class  B 
amplifier.  In  the  case  of  the  class  B 
amplifier  the  unit  acts  as  a  source  of 
iiEg  volts  having  an  internal  resis¬ 
tance  Vp  ohms.  In  the  case  of  a  push- 
pull  class  A  amplifier,  if  put  on  a  unit 
basis,  the  voltage  of  the  equivalent 
generator  would  be  i^Eg  and  the  in¬ 
ternal  impedance  rp/2  ohms,  if  an¬ 


alyzed  on  the  basis  of  a  single  class 
A  tube  which  would  be  coupled  to 
the  load  resistor  through  a  trans¬ 
former  having  a  ratio  of  primary 
turns  on  each  primary  to  the  second¬ 
ary  turns  equal  to  N.  Consequently, 
for  a  class  AB  amplifier,  since  each 
tube  supplies  more  power  to  the  load 
on  one-half  cycle  of  the  input  than 
on  the  alternate  half-cycle,  the  in¬ 
ternal  impedance  of  the  equivalent 
generator  is  r'p  somewhere  between 
Tp  and  rp/2. 

The  power  output  in  the  funda¬ 
mental  for  the  class  AB  unit  is 

Ri.r- 

P.  - - 

{RrX-  -t-  rV'! 

in  which  Rl  is  the  load  resistance 
and  .V  is  the  ratio  of  the  turns  of 
one  primary  winding  to  the  second¬ 
ary  turns.  It  is  assumed  that  the 
transformer  losses  are  negligible  or 
included  as  a  part  of  Rl  N\ 

To  evaluate  r'p  we  draw  the  com¬ 
posite  Ip-Ep  characteristics  obtained 
by  adding  algebraically  the  Ip-Ep 
curve  of  tube  A  for  a  grid  voltage 
of  Egg  -f-  X  volts  to  the  Ip-Ep  curve 
of  tube  B  for  a  grid  voltage  of  Egg 
—  X  volts.  The  quantity  X  may  be 
either  positive  or  negative.  These 
composite  characteristics  are  the 
dotted  lines  of  Fig.  4.  It  is  assumed 
here  that  the  Ep-Ip  curves  give 
straight  line  composite  character¬ 
istics.  If  this  were  true  there  would 
be  no  distortion.  Since  the  distor¬ 
tion  is  only  a  few  percent  for  a  good 
amplifier  these  composite  character¬ 
istics  are  nearly  straight  lines  for 
any  tube  that  performs  well  in  a 
class  AB  amplifier,  r'p  is  the  re¬ 
ciprocal  of  the  slope  of  a  composite 
characteristic.  When  these  char¬ 
acteristics  do  not  all  have  the  same 
slope,  r'p  should  be  averaged  from 
several  values. 

Since  m  =  Gpg/Gp  it  may  be  evalu¬ 
ated  from  Ep-Ip  characteristics  by 
evaluating  the  transconductance  Gpg 
and  the  plate  conductance  Gp  (the 
slope  of  the  straighter  part  of  an 
Ip-Ep  curve).  Gpg  is  the  ratio  of 
a  change  in"  plate  current  to  the 
change  in  grid  voltage  which  pro¬ 
duces  the  change  in  plate  current, 
when  working  along  a  constant  plate 
voltage  line,  m  may  also  be  evalu¬ 
ated  from  the  composite  character¬ 
istics  by  determining  G'pg  from  the 
composite  characteristics  and  divid¬ 
ing  by  G'p  the  slope  of  a  composite 
characteristic. 


In  Fig.  4  is  shown  the  load  line 
for  each  tube  as  compared  to  the 
load  line  of  the  unit  derived  as  fol¬ 
lows:  Constant  Ep  lines  are  drawn 
through  the  intersections  of  the  com¬ 
posite  characteristics  and  the  load 
line  of  the  unit.  Where  each  of 
these  vertical  lines  intersects  the 
Ip-Ep  curves  from  which  the  com¬ 
posite  characteristics  were  derived 
locates  a  point  on  the  load  line  for 
each  tube. 

The  dynamic  Ip-E,j  characteristics 
can  be  derived  from  the  load  lines 
and  composite  characteristics.  The 
dynamic  Ip-Eg  characteristic  of  the 
unit  is  obtained  by  plotting  the 
values  of  Ip  where  the  unit  load  line 
crosses  the  composite  characteristics 
against  the  corresponding  values  of 
Eg.  The  individual  dynamic  charac¬ 
teristics  are  obtained  by  plotting  the 
value  of  Ip  where  the  individual  load 
lines  cross  the  Ip-Ep  curves  against 
the  corresponding  values  of  Eg.  A 
typical  set  of  dynamic  Ip-Eg  charac¬ 
teristics  are  shown  in  Fig.  5.  The 
current  of  the  unit  shown  in  Fig.  5 
is  the  current  that  would  be  deliv¬ 
ered  to  one  primary  winding  by  an 
equivalent  single  class  A  tube. 

Class  AB  Output  Transformer 

The  general  design  of  the  output 
transformer  for  a  class  AB  ampli¬ 
fier  is  the  same  as  for  a  class  B  am¬ 
plifier.  The  quantity  r'p  is  substi¬ 
tuted  for  y'p  in  the  expression  from 
which  the  impedance  of  the  trans¬ 
former  is  determined  to  give  a  par¬ 
ticular  db  loss  at  the  lowest  fre¬ 
quency.  r'p  is  the  reciprocal  of  the 
slope  of  a  composite  characteristic, 
r'p  is  smaller  than  rp  the  plate  resis¬ 
tance  of  the  tube.  For  class  AB. 
r'p  is  somewhere  in  between  rp  and 
rp/2. 

When  the  interspacing  is  em¬ 
ployed  in  the  transformer  to  improve 
the  high  frequency  response  it  is 
preferable,  if  possible,  to  place  the 
two  primary  windings  between  the 
two  halves  of  the  secondary.  The 
reason  for  this  is  that  the  currents 
in  the  primary  windings  are  not  the 
same  for  all  instants  of  time.  Un¬ 
less  these  two  windings  have  nearly 
the  same  leakage  inductances  with 
respect  to  the  secondary,  some  dis¬ 
tortion  will  be  introduced  into  the 
output. 
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Control  via  5  Meters 


Across  the  main  New  York  harbor  ship  channel,  a  5-meter  remote-control  link  enables 
Sifinal  (^)rps  to  select,  stop  ami  start  one  of  several  radio  transmitters 


SINCE  Governors  Island  is  the 
headquarters  of  the  Second 
Corps  Area  of  the  Army  a  >?Teat 
amount  of  message  traffic  originates 
at  this  important  military  post.  As 
much  as  possible  of  this  traffic,  and 
especially  that  to  Army  transports  at 
sea,  is  handled  by  Sijfnal  Corps  radio. 

From  the  earliest  days  of  Army 
radio  the  transmitters  for  this  post 
have  been  at  Fort  Wood  on  Bedloes 
Island.  Fort  Wood  lies  approxi¬ 
mately  southwest  of  Governors 
Island  and  distant  about  IM:  miles. 
Bt'tween  the  two  islands  passes  the 
main  ship  channel  of  the  harbor. 
Years  of  sad  experience  with  sub¬ 


Coded  control 

'OOo„. 


marine  cables  bein^  fouled  and 
broken  by  dra>?jfin}?  ship  anchors  led 
to  the  establishment  of  the  radio 
link  pictured  here. 

The  transmitters  at  Fort  Wood  are 
four  in  number,  oi)eratinir  at  differ¬ 
ent  frequencies,  and  with  rated 
power  outputs  ran}?ing  from  200 
watts  to  2  kw.  The  problem  was  to 
permit  the  operators  on  Governors 
Island  to  select  and  start  the  desired 
transmitter,  and,  indirectly  to  key  it. 
The  Fort  Wood  stations  could,  then, 
be  essentially  non-attended. 

The  desired  selective  control  fea¬ 
ture  seemed  to  indicate  something 
along  the  principles  of  automatic 


Directional  antenna 
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telephony,  and  the  co-incident  avail- 
ibility  of  a  five  meter  transmitter 
and  some  dial  switchboard  equipment 
started  the  project. 

The  five  meter  transmitter  was 
remodeled  to  permit  modulation  at 
either  600  or  1,500  cycles  obtained 
from  electrically  driven  tuning  forks. 
Keys  to  select  the  modulating  fre¬ 
quency,  and  a  telephone  dial  to  pro¬ 
vide  the  coded  interruptions  of  either 
tone,  were  built  into  a  small  cabinet 
which  is  located  on  the  operating 
desk  at  Governors  Island. 

At  the  Fort  Wood  end  of  the  chan¬ 
nel  a  conventional  super-regenera¬ 
tive  receiver  is  employed.  Relays  in 
place  of  the  usual  head-set  or  loud¬ 
speaker  control  an  automatic  selector 
switch  of  the  step-by-step  type  and 
from  that  point  the  operation  is  sim¬ 
ilar  to  the  trunk  and  line  selecting 
system  of  the  automatic  telephone. 

At  the  inception  of  this  idea  it  was 
proposed  to  key  the  transmitters 
over  this  five-meter  channel.  It  was 
found,  however,  that  there  were  sev¬ 
eral  disadvantages  in  doing  this.  In 
the  first  place,  the  receiver  at  Fort 
Wood  does  not  have  suitable  charac- 

[Continued  on  page  54] 
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Steel-clad  Tube  for  Schools 


A  10-kw.  mercury  tube  of  the  luetal-eiiclosed  type  which  can  he  taken  apart  am! 
put  back  together  by  students  to  learn  how  large  rectifiers  for  coiuiuunicatioii  and  iiulustry 
are  made — and  how^  they  operate 

- By  S.  R  DURAND - 


Many  colleges  and  universities  available,  but  the  high  cost  of  these  fessors  from  various  universities 

have  become  aware  of  the  de-  tubes  practically  prohibits  their  use  have  appealed  recently  to  manufac- 

mand  for  well-trained  engineers  in  for  experimental  purposes.  Steel  turing  companies  for  assistance  in 
the  electronic  field  and  are  endeavor-  tank  power  tubes  of  several  hundred  preparing  courses  on  this  subject, 
ing  to  equip  their  laboratories  with  or  thou.sand  kilowatts  capacity  are  Alli.s-Chalmers  engineers  resimnded 
electronic  devices  so  that  they  may  far  too  expensive  for  a  school  labora-  by  offering  to  build  for  educational 

offer  practical  as  well  as  theoretical  tory,  so  that,  unfortunately,  the  institutions  a  model  steel-tank  tube 

courses  on  this  highly  important  study  of  this  type  of  very  important  which  would  l)e  almost  an  exact 

subject.  electronic  device  is  entirely  over-  replica  of  one  of  their  large  jiower 

The  problem  of  selecting  vacuum  looked.  As  a  result  of  this  situation  tubes.  Model  tubes  of  this  kind  are 
tube  apparatus  for  laboratory  use  is  most  courses  involving  electronic  frequently  u.sed  to  solve  re.search 
difficult  to  solve  because  of  the  high  tubes  are  confined  to  the  u.se  of  glass  problems  and  to  obtain  preliminary 
cost  of  most  electronic  devices.  Small  tubes  in  the  communication  field,  data  for  the  design  of  power  tul)es  of 
glass-enclosed  radio  tubes  can  be  and  the  application  of  steel  tubes  several  thousand  kilowatts  rating,  so 
purchased  or  made  in  a  school  in  the  power  field  is  completely  that  their  value  can  be  fully  aj*- 

laboratory  for  little  expense,  but  neglected.  predated.  It  is  Iwlieved,  therefore, 

their  use  is  confined  almost  entirely  Steel-enclosed  tubes  have  attained  that  similar  model  tubes  in  a  .school 
to  communication  subjects.  Larger  such  an  important  place  in  the  laboratory  would  be  of  real  value  in 
size  hot-cathode  power  tubes  are  power  field  today  that  several  pro-  experimental  and  research  studies, 

and  would  enable  professors  to  ac¬ 
quaint  their  students  with  the  de¬ 
sign,  forming,  and  actual  operation 

Model  demountable  steel  mercury^c  rectifier  important  electronic  device. 

The  typical  model  .steel  power  tube 
shown  here  is  about  one  foot  in 
diameter,  and  weighs  only  one 

hundred  pounds.  It  is  rated  at  lb 
kw\,  and  can  be  operated  up  to  3,000 
volts  d.c.  It  can  be  completely  dis¬ 
assembled,  modified  in  various  ways, 
and  reassumbled  by  students  in  the 
laboratory.  It  can  be  evacuated 
within  a  short  time  by  means  of 
standard  vacuum  pumps.  Since  ex¬ 
citation  of  this  mercury  arc  tube  is 
accomplished  by  neans  of  an 
auxiliary  arc  instead  of  with  a  hot- 
cathode  filament,  the  life  of  the  tulx' 
is  unlimited. 

Model  tubes  of  this  size  can  be 
provided  with  six  anodes  for  single- 
pha.se,  two,  three,  four  and  six-phase 
rectification  of  an  a-c  power  supply 
system.  This  enables  studies  to  b  ‘ 
made  of  various  types  of  rectificj - 
tion  circuits,  and  of  the  efficiency, 
regulation,  arc  drop  loss,  power 
factor,  and  other  characteristics  <  f 
[Continued  on  page  29] 
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ri’i'ii'  of  the  Iinluclnlherni  tlurinfi  the  test  transmission  tvhieh 
lias  heard  in  H  ashirifiton.  JS'o  ehaiifies  nere  made  in  the  ma¬ 
chine  except  to  open  the  plate  circuit  for  insertion  of  the  auto¬ 
matic  key  seen  on  the  stand  at  the  right.  The  radio-freipiency 
energy  teas  radiated  from  overhead  poieer  lines  after  passing 
hack  through  the  base  outlet  seen  just  above  the  table  leg 
behind  the  ivastebasket.  The  call  letters  JSlfAl  were  assigned 
to  the  nutchine  for  this  test 


in. 


^  I 


3L 


... 


Interference  Source  Discovered 


Professor  Miniiio  of  Harvanl  tracks  <lov\ii  iiiysterious  6()-evcle  sijinais  which  have 
interfere<l  w  ith  commercial  services  from  8  to  28  me.  Source  proves  to  he  short-wave  thera- 
peiitic  apparatus  w  ith  several  humlred  units  in  use  in  the  Unite<i  States. 


ON  December  13,  1935,  the 

Federal  Communications  Com¬ 
mission  requested  the  assistance  of 
the  Cruft  Laboratory,  Harvard  I'ni- 
versity,  in  locating  the  source  of  a 
mysterious  interference  which  was 
disrupting  radio  services  in  the 
region  from  8  to  28  megacycles. 
Five  days  later  the  Cruft  sleuths 
had  found  the  source  of  the  inter¬ 
ference  and  had  “broujrht  it  back 
alive,”  by  obtainintr  one  of  the  in¬ 
terfering  machines  for  further  tests 
in  the  laboratory. 

The  interference  beinj?  soujjht 
was  sixty-cycle  in  character,  and 
sounded  like  a  self-excited  o.scillator 
with  raw  a.c.  on  the  plate  (this  was 
later  found  to  be  the  case).  It  ap¬ 
peared  simultaneously  at  various 
spots  from  8  to  28  mejfacycles,  ap¬ 
parently  at  random,  and  was  com¬ 
mon  around  11.5,  12,  12.5  and  18 
megacycles.  It  would  jump  fre¬ 
quency,  perhaps  10  to  100  kc.,  in 
an  utterly  haphazard  manner.  The 
signals  were  usually  heard  from 
abou’  9  a.m.  to  8  p.m.,  e.s.t.  They 
were  quite  strong  at  times  and  tuned 
about  as  sharply  as  a  high-speed 
telegraph  station.  The  signals  had 
been  picked  up  in  Canada,  England, 
Central  America  and  all  over  the 
Unit  d  States.  Interference  condi¬ 
tions  had  been  particularly  bad 
since  the  first  of  October,  1935,  and 
I  the  Navy  Department  and  Com- 
muni  ations  Commission  had  been 
unable  to  trace  the  trouble. 

In  view  of  the  widespread  range 
of  the  interference,  the  Cruft  in- 
vesti>'ators  found  it  hard  to  believe, 
ut  fi)  t,  that  the  signals  were  not 


emanating  from  an  actual  trans¬ 
mitter  with  a  good  antenna.  How¬ 
ever.  as  many  as  twelve  such  signals 
were  heard  simultaneously,  and  when 
cathode  ray  patterns  showed  them  to 
be  on  several  different  60-cycle  power 
nets,  it  seemed  unlikely  that  such 
wholesale  interference  was  being 
maliciously  transmitted  from  so 
many  different  points. 

An  investigation  at  large  Boston 
hospitals  found  no  device  which 
would  cause  the  trouble,  but  a  ma¬ 
chine  called  the  “Inductotherm,” 
u.sed  for  giving  artificial  fevers,  was 
located  at  the  Dillon  Field  House  at 
Harvard  University.  It  was  brought 
to  the  laboratory  for  further  tests 
after  cathode  ray  patterns  indicated 
that  the  culprit  had  been  found. 

Investigation  disclosed  that  the 
device  is  a  T.P.T.G.  push-pull  oscilla¬ 
tor  with  raw  a.c.  applied  to  the 
plates.  The  total  input  is  about  700 
watts.  The  grid  coil  and  condenser 
are  fixed,  but  the  whole  tuned  plate 
circuit  consists  of  a  flexible  rubber 
cable  about  12  feet  long,  w’hich  is 
coiled  about  the  part  of  the  body 
to  be  heated.  Naturally  any  move¬ 
ment  of  the  patient  causes  random 
changes  in  the  frequency.  Except 
for  the  use  of  the  radio-frequency 
chokes  necessary  to  insure  oscilla¬ 
tion,  no  effort  has  been  made  in  the 
design  to  keep  radio-frequency  cur¬ 
rents  out  of  the  power  lines.  Tests 
show  that  large  amounts  of  radio¬ 
frequency  energy  do  find  their  way 
into  the  power  lines  and  may  be 
radiated  from  them. 

Since  cathode  ray  observations 
showed  multiple  path,  and  therefore 


long  distance  transmission,  it  was 
considered  advisable  to  conduct  tests 
to  get  positive  evidence  that  the 
signals  radiated  by  the  machine  in 
normal  use  carried  beyond  the  skip 
zone.  Arrangements  for  such  tests 
were  made,  in  cooperation  with  Dr. 
A.  H.  Taylor  of  the  Naval  Research 
Laboratory  at  Bellevue,  D.  C.  The 
borrowed  machine  was  set  up  in  a 
residence  where  the  a.c.  came  in  on 
overhead  lines,  and  an  automatic  key 
was  inserted  in  the  plate  lead.  The 
keyed  signals,  on  11.8  Me.,  were 
heard  at  the  Naval  Laboratory  at 
Bellevue,  D.  C.,  with  good  signal 
strength  although  they  were  hardly 
audible  several  miles  from  the 
source. 

It  seems  probable  that  the  long 
distance  disturbances  could  be  elimi¬ 
nated  by  suitable  filters  in  the  power 
leads.  The  local  interference,  which 
comes  from  the  large  tank  coil  radia¬ 
tion.  would  probably  require  a 
shielded  room  to  stop  it.  The  “In¬ 
ductotherm”  has  been  on  the  market 
over  a  year,  and  it  is  estimated  that 
there  are  tw’o  or  three  hundred  of 
them  in  u.se  in  the  United  States. 
Many  of  them  are  used  by  college 
gymnasiums  for  treating  injuries  to 
athletes,  and  the  sudden  increase  in 
interference  noticed  this  fall  was 
probably  due  to  the  start  of  the  foot¬ 
ball  season. 

The  search  at  Cruft  Laboratory 
was  under  the  direction  of  Professor 
Harry  Rowe  Mimno,  and  w’as  car¬ 
ried  out  in  his  absence  by  H. 
Selvidge,  J.  A.  Pierce  and  Paul  B. 
King,  Jr.,  research  workers  at  Cruft 
Laboratory. 
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Steel-clad  Tube  for  Schools 


A  10-kw.  mercury  tube  of  the  luetal-eiielosed  type  which  can  l)e  taken  apart  and 
put  back  together  by  students  to  learn  how  large  rectifiers  for  communication  and  iiuhistry 
are  made — and  how  they  operate 


Hy  S.  K.  I)l  RANI) 


Many  colleges  and  universities 
have  become  aware  of  the  de¬ 
mand  for  well-trained  engineers  in 
the  electronic  field  and  are  endeavor¬ 
ing  to  equip  their  laboratories  with 
electronic  devices  so  that  they  may 
offer  practical  as  well  as  theoretical 
courses  on  this  highly  important 
subject. 

The  problem  of  selecting  vacuum 
tube  apparatus  for  laboratory  use  is 
difficult  to  solve  because  of  the  high 
cost  of  most  electronic  devices.  Small 
glass-enclosed  radio  tubes  can  be 
purchased  or  made  in  a  school 
laboratory  for  little  expense,  but 
their  use  is  confined  almost  entirely 
to  communication  subjects.  Larger 
size  hot-cathode  power  tubes  are 


available,  but  the  high  cost  of  these 
tubes  practically  prohibits  their  use 
for  experimental  purposes.  Steel 
tank  power  tubes  of  several  hundred 
or  thousand  kilowatts  capacity  are 
far  too  expensive  for  a  school  labora¬ 
tory,  so  that,  unfortunately,  the 
study  of  this  type  of  very  important 
electronic  device  is  entirely  over¬ 
looked.  As  a  result  of  this  situation 
most  courses  involving  electronic 
tubes  are  confined  to  the  use  of  glass 
tubes  in  the  communication  field, 
and  the  application  of  steel  tubes 
in  the  power  field  is  completely 
neglected. 

Steel-enclosed  tubes  have  attained 
such  an  important  place  in  the 
power  field  today  that  several  pro¬ 


fessors  from  various  universities 
have  ai)pealed  recently  to  manufac¬ 
turing  companies  for  assistance  in 
preparing  courses  on  this  subject. 
Alli.s-Chalmers  engineers  responded 
by  offering  to  build  for  educational 
institutions  a  model  steel-tank  tube 
which  would  be  almost  an  exact 
replica  of  one  of  their  large  power 
tubes.  Model  tubes  of  this  kind  are 
frequently  u.sed  to  solve  re.search 
l)roblems  and  to  obtain  preliminary 
data  for  the  design  of  power  tubes  of 
several  thousand  kilowatts  rating,  so 
that  their  value  can  be  fully  ai>- 
preciated.  It  is  l)elieved.  therefore, 
that  similar  model  tubes  in  a  .school 
laboratory  would  be  of  real  value  in 
experimental  and  research  studies, 
and  would  enable  professors  to  ac¬ 
quaint  their  students  with  the  de¬ 
sign,  forming,  and  actual  operation 
of  this  important  electronic  device. 

The  typical  model  steel  power  tube 
shown  here  is  about  one  foot  in 
diameter,  and  weighs  only  one 
hundred  pounds.  It  is  rated  at  10 
kw.,  and  can  be  operated  up  to  3,000 
volts  d.c.  It  can  be  completely  dis¬ 
assembled,  modified  in  various  ways, 
and  reassumbled  by  .students  in  the 
laboratory.  It  can  be  evacuated 
within  a  short  time  by  means  of 
standard  vacuum  pumps.  Since  ex¬ 
citation  of  this  mercury  arc  tube  is 
accomplished  by  means  of  an 
auxiliary  arc  instead  of  with  a  hot- 
cathode  filament,  the  life  of  the  tub<‘ 
is  unlimited. 

Model  tubes  of  this  size  can  !)•■ 
provided  with  six  anodes  for  single- 
pha.se,  two,  three,  four  and  six-phas*' 
rectification  of  an  a-c  power  supply 
system.  This  enables  studies  to  b* 
made  of  various  types  of  rectific;  - 
tion  circuits,  and  of  the  efficienc; , 
regulation,  arc  drop  loss,  power 
factor,  and  other  characteristics  ( f 
[Continued  on  page  29] 
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I  if  tv  of  the  Inductotherm  duritiji  the  test  tninsmissitm  which 
was  heard  in  If  ashinfston.  I\o  chanfses  were  made  in  the  ma¬ 
chine  except  to  open  the  plate  circuit  for  insertitm  of  the  auto¬ 
matic  key  seen  on  the  stand  at  the  right.  The  radio-fretpiency 
energy  was  radiated  from  overhead  power  lines  after  passing 
hack  through  the  base  outlet  seen  just  above  the  table  leg 
behind  the  wastebasket.  The  call  letters  ]\l>Al  were  assigned 
to  the  nutchine  for  this  test 


•f* 

\,li 


Interference  Source  Discovered 


Professor  Minmo  of  Harvanl  traeks  <k>v\ii  mysterious  6()-evcle  sijinals  which  have 
interfered  with  <  oiuiuen  ial  services  from  8  to  28  me.  Source  proves  to  he  short-wave  thera¬ 
peutic  apparatus  w  itli  several  hiimlred  units  iu  use  in  the  United  States. 


ON  December  13,  1935,  the 

Federal  Communications  Com¬ 
mission  requested  the  assistance  of 
the  Cruft  Laboratory,  Harvard  Uni¬ 
versity,  in  locating?  the  source  of  a 
mysterious  interference  which  was 
disruptinfr  radio  services  in  the 
region  from  8  to  28  megacycles. 
Five  days  later  the  Cruft  sleuths 
had  found  the  source  of  the  inter¬ 
ference  and  had  “brou^rht  it  back 
alive,”  by  obtaining  one  of  the  in¬ 
terfering  machines  for  further  tests 
in  the  laboratory. 

The  interference  beinjr  sought 
was  sixty-cycle  in  character,  and 
sounded  like  a  self-excited  oscillator 
with  raw  a.c.  on  the  plate  (this  was 
later  found  to  be  the  case).  It  ap¬ 
peared  simultaneously  at  various 
spots  from  8  to  28  megacycles,  ap¬ 
parently  at  random,  and  was  com¬ 
mon  around  11.5,  12,  12.5  and  18 
megacycles.  It  would  jump  fre¬ 
quency,  perhaps  10  to  100  kc.,  in 
an  utterly  haphazard  manner.  The 
signals  were  usually  heard  from 
aboir  9  a.m.  to  8  p.m.,  e.s.t.  They 
were  quite  strong  at  times  and  tuned 
about  as  sharply  as  a  high-speed 
telegraph  station.  The  signals  had 
been  picked  up  in  Canada.  England, 
Central  America  and  all  over  the 
Unit  d  States.  Interference  condi¬ 
tions  had  been  particularly  bad 
since  the  first  of  October,  1935,  and 
the  Navy  Department  and  Com- 
muni  ations  Commission  had  been 
unab.e  to  trace  the  trouble. 

In  view  of  the  widespread  range 
of  the  interference,  the  Cruft  in¬ 
vestigators  found  it  hard  to  believe, 
^t  fii  t,  that  the  signals  were  not 


emanating  from  an  actual  trans¬ 
mitter  with  a  good  antenna,  Hovv- 
ever,  as  many  as  twelve  such  signals 
were  heard  simultaneously,  and  when 
cathode  ray  patterns  showed  them  to 
be  on  several  different  60-cycle  power 
nets,  it  seemed  unlikely  that  such 
wholesale  interference  was  being 
maliciously  transmitted  from  so 
many  different  points. 

An  investigation  at  large  Boston 
hospitals  found  no  device  which 
would  cause  the  trouble,  but  a  ma¬ 
chine  called  the  “Inductotherm,” 
used  for  giving  artificial  fevers,  was 
located  at  the  Dillon  F'ield  House  at 
Harvard  University.  It  was  brought 
to  the  laboratory  for  further  tests 
after  cathode  ray  patterns  indicated 
that  the  culprit  had  been  found. 

Investigation  disclosed  that  the 
device  is  a  T.P.T.G.  push-pull  oscilla¬ 
tor  with  raw’  a.c.  applied  to  the 
plates.  The  total  input  is  about  700 
watts.  The  grid  coil  and  condenser 
are  fixed,  but  the  whole  tuned  plate 
circuit  consists  of  a  flexible  rubber 
cable  about  12  feet  long,  which  is 
coiled  about  the  part  of  the  body 
to  be  heated.  Naturally  any  move¬ 
ment  of  the  patient  causes  random 
changes  in  the  frequency.  Except 
for  the  use  of  the  radio-frequency 
chokes  necessary  to  insure  oscilla¬ 
tion,  no  effort  has  been  made  in  the 
design  to  keep  radio-frequency  cur¬ 
rents  out  of  the  pow’er  lines.  Tests 
show’  that  large  amounts  of  radio¬ 
frequency  energy  do  find  their  way 
into  the  power  lines  and  may  be 
radiated  from  them. 

Since  cathode  ray  observations 
show’ed  multiple  path,  and  therefore 


long  distance  transmission,  it  was 
considered  advisable  to  conduct  tests 
to  get  positive  evidence  that  the 
signals  radiated  by  the  machine  in 
normal  use  carried  beyond  the  skip 
zone.  Arrangements  for  such  tests 
were  made,  in  cooperation  w’ith  Dr, 
A.  H.  Taylor  of  the  Naval  Research 
Laboratory  at  Bellevue,  D.  C.  The 
borrowed  machine  was  set  up  in  a 
residence  w’here  the  a.c.  came  in  on 
overhead  lines,  and  an  automatic  key 
w’as  inserted  in  the  plate  lead.  The 
keyed  signals,  on  11,8  Me.,  were 
heard  at  the  Naval  Laboratory  at 
Bellevue,  D.  C.,  with  good  signal 
strength  although  they  were  hardly 
audible  several  miles  from  the 
source. 

It  seems  probable  that  the  long 
distance  disturbances  could  be  elimi¬ 
nated  by  suitable  filters  in  the  power 
leads.  The  local  interference,  which 
comes  from  the  large  tank  coil  radia¬ 
tion,  w’ould  probably  require  a 
shielded  room  to  stop  it.  The  “In¬ 
ductotherm”  has  been  on  the  market 
over  a  year,  and  it  is  estimated  that 
there  are  two  or  three  hundred  of 
them  in  use  in  the  United  States. 
Many  of  them  are  used  by  college 
gymnasiums  for  treating  injuries  to 
athletes,  and  the  sudden  increase  in 
interference  noticed  this  fall  was 
probably  due  to  the  start  of  the  foot¬ 
ball  season. 

The  search  at  Cruft  Laboratory 
was  under  the  direction  of  Professor 
Harry  Rowe  Mimno,  and  was  car¬ 
ried  out  in  his  absence  by  H. 
Selvidge,  J.  A.  Pierce  and  Paul  B. 
King,  Jr.,  research  workers  at  Cruft 
Laboratory. 
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Loud  Speaker  Design 


The  first  of  several  articles  covering  the  subject  matter  of  a  Colloquium  on  “Recent 
Developments  in  Applied  Acoustics**  led  hy  the  author  at  the  Massachusetts  Institute  of  Tecli* 
nology  during  December.  1935 


Fig.  1.  Radiation  resistance  (r)  and  reactance  (x)  of  a 
piston  mounted  in  an  infinite  baffle 


SINCE  the  loud  speaker  has  found  efficiency  and  frequency  response 
widespread  commercial  applica-  with  a  fair  degree  of  accuracy, 
tion,  there  is  need  for  more  emphasis  It  is  the  purpose  of  this  paper  to 
regarding  the  fundamental  prin¬ 
ciples  which  determine  its  perform- 
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analyze  the  loud  speaker  in  terms  of 
electrical  engineering  terminology 
and  to  show  the  quantitative  relation 
between  the  various  physical  compo¬ 
nents  and  the  resultant  performance. 

The  dynamic  or  moving  coil  loud 
speaker  consists  of  a  diaphragm 
fastened  to  a  coil  of  wire  which  is 
mounted  in  a  radial  magnetic  held. 
The  driving  forces  for  the  dia¬ 
phragm  result  from  the  interaction 
of  the  voice  coil  currents  and  the 
air  gap  flux. 

(a)  Flat  Baffle  Speaker  at  Low 
Frequencies — First,  let  us  consider 
the  behavior  of  a  dynamic  speaker 
which  radiates  directly  into  free 
space.  The  speaker  will  be  assumed 
mounted  into  an  infinite  plane  wall 
so  that  any  interference  from  the 
back  radiation  can  be  neglected. 
The  driving  force  generated  in  the 
voice  coil,  in  addition  to  overcoming 
the  mechanical  impedance  of  the 
vibrating  system,  must  also  over¬ 
come  the  reaction  of  the  air  load  on 
the  cone.'  The  character  of  this  ra¬ 
diation  impedance  is  shown  in  Fig.  1. 

It  can  be  seen  that  for  a  piston 
whose  diameter  is  smaller  than 
one-half  wavelength,  the  radiation 
resistance  per  unit  area  increases 
both  as  the  square  of  the  frequency 
and  as  the  area  of  the  disc.  For 
diameters  greater  than  one-half 


ance.  While  it  is  true  that  it  is  still 
impossible  to  take  into  account  every 
variable  in  the  design  of  a  loud 
speaker  (such  as,  for  example,  the 
mode  of  vibration  of  a  conical  dia¬ 
phragm  at  the  higher  frequencies). 


there  are  many  parameters  which 
can  be  controlled.  By  an  intelligent 
correlation  of  these  facts,  it  is  pos¬ 
sible  to  predetermine  such  things  as 


Fig.  3.  (a)  Construction  of  double  voice  coil  drive  for  a  dynamic 
speaker 

(b)  Electrical  connection  to  the  voice  coils 
(c)  The  equivalent  circuit  of  the  mechanical  system 
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Fig.  4.  Response  curve  of  a  double  voice  coil  spenker  taken  at  a  distance  of  10  feet.  Figure  5  (right)  Infinite 
horns  having  same  throat  areas  and  same  areas  at  distances  along  their  axes  eipial  to  100  times  the  throat  diameter 


wavelength,  the  resistance  becomes 
approximately  constant. 

At  low  frequencies  the  dynamic 
speaker  may  be  assumed  to  act  as  a 
rigid  piston  and  the  equivalent  elec¬ 
trical  circuit  for  this  condition  is 
represented  in  Fig.  2. 

The  velocity  of  the  cone  is  given 
by 

F 

u  - -  -  cm.  SIC.  (1) 

/  > 

uni  m - 

\  uC. 

where: 

F  =  filiWAvms  (2) 

B  =  air  Kill*  ilensity  in  gausses. 

/  =  length  «)f  wire  in  voice  coil  in  cms., 
I  =  voice  coil  current  in  amperes. 


rm  =  r.I  0) 

T  =  resistance  ohtained  from  tif;.  1. 

.7  =  area  ot  cone  in  sij.cms. 


w.  =  w  .  wj ,  -F  m  A  (4) 

m,  =  voice  coil  mass  in  itrams. 

tn,  =  cone  mass  in  crams. 

mA  =  ettective  mass  of  air  load  in  crams. 


=  Xua/ u  (?) 

u  =  2xf;  f  =  frequency  in  cycles  per  sec. 

xma  =  x.I  (6) 

X  =  reactance  obtained  from  Fic-  1. 

C,  =  compliance  of  cone  suspension  in 
cms.  dyne. 


The  acoustic  power  output  of  the 
cone  is  equal  to 


P  =  lul*rv,,  .  10— ^  watts  (7) 

tt  =  absolute  value  of  tbe  cone  velocity 
computed  from  K<iuation  1. 

Tlie  maximum  amplitude  (from 
the  mean  position)  of  the  cone  mov¬ 
ing  with  an  r.m.s.  velocity  u  is 
equi.l  to 


1  41  u 

t  •.«  = - -  cms.  (8) 

U) 

Tiie  above  equations,  together 
with  the  information  in  Fig.  1,  per¬ 
mit  ;i  quantitative  consideration  (at 
low  frequencies)  of  all  the  factors 
conn  cted  with  the  acoustical  design 


of  a  dynamic  speaker.  By  a  proper 
adjustment  of  the  various  con.stants 
of  the  system,  it  is  possible  to  secure 
optimum  pt^rformance  at  minimum 
cost. 

From  Fig.  1  and  eq.  (7)  it  is  ob¬ 
vious  that  to  secure  constant  output 
from  a  cone  mounted  in  an  infinite 
baffle,  throughout  the  range  of  fre¬ 
quencies  for  which  the  cone  diameter 
is  less  than  the  velocity  of  the 
cone  must  vary  inversely  as  the  fre¬ 
quency.  If  the  mass  is  the  control¬ 
ling  factor  in  the  .system  over  this 
range,  the  condition  for  constant 
acoustic  output  will  be  satisfied. 

The  effect  of  C„,  the  combined 
compliance  of  the  centering  support 
and  the  outer  susixmsion,  can  be  seen 
from  an  examination  of  eq.  (1). 
At  the  fre(|uency  for  which  un\„  = 
1/«C„,  the  cone  will  resonate  and 
move  through  large  amplitudes,  re¬ 
sulting  in  large  acoustic  output. 
Below  resonance,  C,,  becomes  the  con¬ 
trolling  factor  and  the  acoustic  out¬ 
put  decreases  rapidly.  If  uniform 
output  is  re<piired,  it  is  important  to 
keep  the  resonance  of  the  cone  below 
the  lower  freijuency  limit  desired  for 
the  speaker.  Sometimes  the  reso¬ 
nance  peak  is  purposely  placed  near 
150  cycles  to  .secure  the  impression 
of  good  low-frequency  output  from  a 
reproducing  .system  which  is  actually 
lacking  in  low-frequency  perform¬ 
ance. 

From  a  consideration  of  the  eejuiv- 
alent  circuit  of  the  dynamic  speaker 
and  from  the  variation  of  radiation 
resistance  with  diameter,  it  follows 
that  for  a  fixed  driving  force  the 
efficiency  at  low  frequencies  is  inde¬ 
pendent  of  the  cone  area  (assuming 
the  effective  mass  of  the  system  is 
proportional  to  this  area).  How¬ 
ever,  as  the  cone  is  made  larger,  it  is 


possible  to  increase  the  amount  of 
wire  in  the  voice  coil  in  the  same 
proportion,  which  will  result  in  a 
larger  driving  force  and  better  effi¬ 
ciency.  Also,  the  amplitude  through 
which  a  cone  mu.st  move  for  a  given 
output  varies  inversely  as  its  area 
and  for  large  low-frequency  outputs 
it  is  impractical  to  provide  for  the 
large  amplitudes  that  would  be  re- 
(luired  for  the  smaller  cones. 

(b)  Flat  Baffle  Speaker  at  High 
Frequencies — The  desirable  features 
for  good  low-frequency  performance 
(large  cones  and  heavy  voice  coils) 
are  both  disadvantageous  in  the 
high-frequency  range.  It  was  shown 
in  Fig.  1  that  at  frequencies  above 
which  the  cone  diameter  =  ix,  the 
radiation  resistance  becomes  approx¬ 
imately  constant.  When  this  hap¬ 
pens  the  output  will  steadily  de¬ 
crease  with  rising  frequency  if  the 
system  remains  mass-controlled.  The 
larger  the  cone  diameter,  the  lower 
will  be  the  frequency  at  which  this 
takes  place.  For  a  12"  cone  the  lim¬ 
iting  frequency  is  about  750  cycles, 
and  for  an  8"  cone  it  is  about  1,000 
cycles.  Thus  it  becomes  evident  that 
an  infinitely  rigid  cone,  the  condition 
represented  in  the  equivalent  circuit, 
would  be  undesirable  at  the  high 
frequencies. 

To  keep  the  output  from  falling 
off  at  the  higher  frequencies,  it  is 
necessary  to  prevent  the  mechanical 
impedance  of  the  vibrating  system 
from  rising.  This  may  be  accom¬ 
plished  by  breaking  up  the  cone  into 
several  sections  by  means  of  corru¬ 
gations.  The  effect  of  these  corru¬ 
gations  is  to  reduce  the  effective 
mass,  m,;  in  Fig.  2,  throughout  the 
mid-frequency  range,  with  the  result 
that  the  cone  output  will  not  fall  off 
in  this  region. 
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At  still  higher  frequencies,  the 
voice  coil  mass,  mv,  becomes  the  con¬ 
trolling  factor  in  determining  the 
impedance  of  the  vibrating  system. 
When  this  takes  place  the  acoustic 
output  will  again  fall  off  with  fur¬ 
ther  increase  in  frequency.  In  con¬ 
ventional  speakers,  this  occurs  in  the 
vicinity  of  3,000  cycles.  By  substi¬ 
tuting  aluminum  in  place  of  copper 
in  the  voice  coil,  the  mass  for  a  given 
length  and  resistance  of  wire  w’ill  be 
reduced  with  a  corresponding  im¬ 
provement  in  the  high-frequency 
performance. 

If  the  range  is  to  be  further  ex¬ 
tended,  it  is  necessary  to  reduce  the 
voice  coil  mass  still  further  at  the 
higher  frequencies.  This  has  been 
successfully  done  by  breaking  up  the 
voice  coil  into  two  sections®  which 
are  separated  by  a  compliance  C„  as 
shown  in  Fig.  3. 

At  the  low  frequencies  the  con¬ 
denser  Ce  is  a  high  impedance  and 
the  total  current  flows  through  both 
sections  of  the  coil.  The  compliance 
C,  also  offers  a  high  impedance  at 
low  frequencies  so  that  the  unit  be¬ 
haves  as  a  conventional  single  coil. 
At  the  higher  frequencies  the  con¬ 
denser  by-passes  all  the  audio  power 
to  the  small  section  of  the  coil  and  at 
the  same  time  the  compliance  C,  acts 
to  prevent  the  large  portion  of  the 
coil  from  vibrating  with  the  cor¬ 
responding  reduction  in  coil  mass. 

A  loud  speaker  employing  this 
new  type  of  voice  coil  construction 
has  permitted  the  high-frequency 
range  to  be  extended  by  a  full  octave 
over  the  conventional  voice  coil  type. 
Of  course,  it  is  also  possible  to  cover 
a  wide  frequency  range  by  employ¬ 
ing  two  or  more  separate  speakers, 
each  designed  to  operate  efficiently 
over  different  portions  of  the  desired 
total  range. 

(c)  Finite  Baffles  —  The  above 
discussion  has  been  concerned  with 
speakers  mounted  in  an  infinite  wall. 


In  practice,  this  condition  is  not  al¬ 
ways  realized,  so  it  is  found  that 
the  low-frequency  i)erformance  is  de¬ 
termined  by  the  size  and  shape  of 
the  baffle  in  which  the  speaker  is 
mounted.  When  the  baffle  size  is 
relatively  small  compared  with  the 
wavelength  of  the  sound  being  gen¬ 
erated  by  the  loud  speaker,  the  radia¬ 
tion  from  the  rear  interferes  with 
the  sound  which  comes  from  the 
front,  causing  a  reduction  in  acous¬ 
tic  output.  If  the  diameter  of  the 
baffle  is  made  equal  to  about  one-half 
wavelength  for  the  lowest  frequency 
to  be  reproduced  there  will  be  no 
loss  in  output  due  to  interference. 

If  a  loud  speaker  is  mounted  in  a 
symmetrical  baffle,  it  will  be  found 
that  when  the  difference  in  path 
from  the  front  and  back  of  the  cone 
to  the  point  of  observation  equals  a 
wavelength,  interference  will  result 
and  a  reduction  in  output  will  occur. 
If  the  baffle  is  made  irregular,  the 
path  differences  vary  and  no  pro¬ 
nounced  interference  dip  results. 

To  avoid  the  use  of  a  baffle,  the 


si)eaker  may  be  enclosed  in  a  box  ) 
that  only  radiation  from  the  front 
takes  place  and  thus  no  interference 
can  result.  The  enclosure  behind  th  * 
cone,  however,  acts  as  an  added  stiff¬ 
ness  to  the  suspension  system  and 
the  volume  of  the  space  must  be 
large  enough  to  prevent  the  cone 
from  resonating  at  a  high  frequency. 
The  larger  and  heavier  the  cone,  the 
larger  must  be  the  box.  For  rather 
large  cones,  the  size  of  box  may  be¬ 
come  too  large  to  be  practical  if  real 
low-fretpiency  cut  off  is  desired. 

In  the  cone  type  si)eakcr  discus.st'd 
above  the  efficiency  is  inherently  low 
except  at  resonance.  The  low  effi¬ 
ciency  results  from  the  fundamental 
necessity  of  using  a  relatively  heavy 
diaphragm  to  drive  a  light  sound 
medium.  The  average  radio  loud 
speaker  is  less  than  5  ix*r  cent  effi¬ 
cient  except  at  its  resonance  ixuik. 

To  improve  the  efficiency  of  a  loud 
speaker,  it  is  necessary  to  match  the 
im{XHlance  of  the  relatively  heavy 
vibrating  .system  to  that  of  the  air. 
A  horn  accomplishes  just  thi.s — it  i.s 
an  acoustic  transformer  which  con¬ 
verts  high  pressures  and  small  ve¬ 
locities  at  the  throat  to  low  pressures 
and  large  velocities  at  the  mouth. 

It  was  originally  believed  that  a 
horn  merely  confined  the  .sound 
within  a  limited  angle  with  a  cor¬ 
responding  increase  in  intensity  in 
thi.s  region.  Conical  horns  were 
widely  u.sed  in  the  past  to  increase 
tne  radiation  from  loud  .sjxuikers. 
More  recently  it  has  been  found  that 
the  real  function  of  the  horn  is  to 


Fig.  7.  Efficiency  of  horn  type  speaker  driven  by  diaphragm  having  an 
effective  mass  of  2.5  grams  and  an  area  of  120  sq.cms. 

A.  Maximum  efficiency  obtainable  if  horn  impedance  were 
matched  to  the  cone  impedance  at  each  point  in  the  range 

B.  Efficiency  characteristic  with  a  throat  area  such  that  the 
horn  impedance  matches  the  diaphragm  impedance  at  100 

cycles 

C.  Efficiency  characteristic  with  smaller  throat  horn  in  which 
horn  impedance  matches  diaphragm  impedance  at  7,000  cycles 
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increase  the  load  on  the  vibrating 
system.’  For  a  given  throat  area, 
the  impedance  of  the  horn  depends 
on  its  shajH?,  and  it  has  been  found 
than  the  exponential  rate  of  Hare 
gives  more  uniform  loading  than 
any  other  type.  Figure  5  shows  the 
throat  resistance  of  three  horns  of 
the  same  throat  area  and  different 
shapes  which  indicate  why  the  ex- 
l)onential  tyi)e  is  to  be  preferred. 

The  exiMinential  horn  is  defined  by 
the  relation 

./  =  ./..f"'  (')) 

wluri- ; 

./  =  in  si|.ciiis.  at  anv  ilistaiict- 

\  cuts,  aloni;  the  axis, 

./,  =  an-a  in  s<|.ciiis.  at  tlu-  throat 

I  V  =  O  . 

Ill  =  rtarmc  constant. 

The  flaring  constant  determines 
the  cut-off  fretpiency  of  the  horn 
which  is  given  by 

f.  =  27 'U  II!  c\  clcs  per  Sfcoiul  (10) 

To  design  an  exponential  horn  to 
give  a  certain  cut-off  fretiuency,  the 
value  of  /»  can  be  computed  from 
etjuation  (  10).  This  constant  is  then 
placed  in  etpiation  (9)  from  which 
the  shape  of  the  horn  can  lx?  deter¬ 
mined.  It  must  lx?  emphasized  that 
the  low-fretpiency  cut-off  of  the  horn 
is  determined  by  the  rafe  of  flare 
and  not  by  its  length.  It  is  rpiite 
possible  to  have  a  short  exponential 
horn  producing  lower  frequencies 
than  a  much  longer  exponential 
horn,  provided  the  initial  area  at  the 
throat  of  the  first  horn  is  sufficiently 
larger  than  the  throat  of  the  long 
horn. 

The  choice  of  throat  size  (.4,,  in 
e;|.  9)  is  determined  by  the  area  of 
the  diaphragm  which  drives  the 
horn,  the  larger  diaphragm  requir¬ 
ing  the  larger  throat.  It  is  a  matter 
of  choice  whether  a  small  diaphragm 
with  a  small  throat  should  be  u.sed 
or  a  large  diaphragm  with  a  large 
throat.  For  a  fixed  rate  of  flare 
and  mouth  opening,  the  smaller  the 
‘hroat  the  longer  the  horn  must  l>e. 
Sometimes  space  requirements  pre¬ 
vent  the  use  of  a  straight  long  horn, 
0  it  becomes  preferable  to  u.se  a 
"hort,  large  throat  horn  with  the 
. arger  diaphragm. 

The  longer  horn  may  be  folded  to 
ave  space,  but  this  procedure 
isually  entails  a  loss  in  high-fre- 
uency  output.  A  loss  occurs  when 
l  ie  difference  in  path  length  between 
iiie  shortest  and  longest  distance 
*  .ound  a  bend  approaches  a  half 


wavelength.  This  means  that  for 
high-fre<iuency  reproduction  only  the 
small  .sections  of  the  horn  can  be 
bent  without  causing  trouble. 

The  mouth  opening  of  a  horn  must 
be  determined  by  the  wavelength  of 
the  lowest  frecpiency  to  be  trans¬ 
mitted  through  it.  For  a  small 
mouth  opening,  if  a  sound  of  very 
low  frecpiency  is  to  be  radiated,  a 
reflection  will  occur  at  the  mouth  as 
the  wave  emerges,  due  to  the  abrupt 
change  in  imix?dance  Ix'tween  the 
small  mouth  and  the  atmosphere. 
These  reflections  give  rise  to  peaks 
and  dips  in  the  resistance  character¬ 
istic  of  the  horn  which,  in  turn,  pro¬ 
duces  a  ragged  response.  It  has 
lx‘en  found  that  to  prevent  .serious 
reflections  in  a  horn,  the  diameter 
of  the  mouth  should  be  at  least  as 
much  as  }  wavelength  of  the  lowest 
freiiuency  to  be  radiated. 

To  get  some  (piantitative  idea  of 


Fin.  ■tnniiliir  thrtm!  ronslnirtitin 
to  reduce  interference  at  the  high 
freiiiiencies 

the  factors  involved  in  the  choice  of 
diaphragm  and  throat  area  in  a  horn 
loud  speaker,  consider  the  equivalent 
circuit  in  Fig.  G.  The  constants 
shown  in  the  figure  have  the  follow¬ 
ing  meaning: 

Cm  =  acoustic  capacitance  of  the  volume 

/’i 

behind  the  cone  =  — 10  *• 

1.45 

/'i  =  volume  of  air  in  enclosure  in  cc. 

C\t  =  acoustic  capacitance  of  the  volume  of 
air  between  the  horn  throat  and 


1.45 


/'}  =  volume  of  air  between  throat  and 
cone  in  cc. 

.1/  =  inertance  of  the  vibrating  system  = 

m, 

m,  =  effective  mass  of  voice  coil  and  cone 
in  grams. 

.1 ,  =  effective  area  of  the  cone  in  sq.cms. 
ta  =  acoustic  resistance  of  the  horn  = 

42 /.A 

=  area  of  horn  at  throat  in  sq.cms. 

After  substituting  numerical 
values,  the  equivalent  circuit  in  Fig. 


G  can  be  easily  solved  to  show,  quan¬ 
titatively,  the  performance  of  the 
loud  six?aker  at  various  frequencies. 
The  voltage  to  be  assumed  acting  in 
the  circuit  is  equal  to  Bli/lOAc. 
Using  this  value  of  equivalent  volt¬ 
age,  the  power  computed  flowing 
through  )•[  is  equal  to  the  acoustic 
power  being  radiated  by  the  speaker. 

Looking  more  critically  at  the 
eciuivalent  circuit,  it  can  be  seen  that 
the  value  of  C  i,  should  be  made  high 
enough  so  that  its  impedance  is  low 
compared  with  the  value  of  at 
the  lowest  freriuency  which  must  be 
reproduced.  If,  however,  a  peak  is 
desired  in  the  output  at  some  part 
of  the  frequency  range,  Ci,  may  be 
adjusted  so  that  it  resonates  with 
u'.l/  at  the  desired  frequency.  When 
this  is  done  the  output  will  drop  off 
at  freiiuencies  below  resonance. 

The  effect  of  C  q  is  to  cause  a  loss 
in  output  at  frequencies  above  which 
the  reactance  becomes  comparable  in 
magnitude  to  the  throat  resistance. 
To  preserve  good  high-frequency  re- 
spon.se,  therefore,  the  throat  volume 
should  be  kept  very  small  so  that  its 
reactance  at  the  highest  frequency 
of  reproduction  is  high  compared 
with  the  throat  resistance. 

Assuming  that  Ci,  and  Ct,  are  so 
designed  that  they  do  not  influence 
the  performance  of  the  speaker  in  its 
working  range,  it  can  be  seen  from 
Fig.  G  that  maximum  radiation  effi¬ 
ciency  at  a  given  frequency  will 
occur  when  mM  —  r  i.  Thus,  the  op¬ 
timum  size  of  horn  throat  for  a 
given  cone  follows  directly. 

The  maximum  efficiency  of  a  horn 
loud  speaker  at  any  frequency  is 
equal  to 

K 

.Max.  Kff.  =  - —  X  100%  (11) 

2  coiiior,  -|-  A 

where 

A'  =  (^/,*  X  io-», 

r,  =  electrical  re.sistance  of  voice 
coil  in  ohms 

This  equation  shows  that  it  is  in¬ 
herently  a  simple  matter  to  get  very 
high  efficiencies  at  low  frequencies 
where  w  is  small.  At  the  higher  fre¬ 
quencies,  where  tunio  becomes  a  large 
factor,  the  efficiency  decreases  rap¬ 
idly.  Of  course,  it  is  evident  that 
increasing  the  flux  density,  B,  pro¬ 
duces  a  large  gain  in  efficiency,  espe¬ 
cially  at  the  higher  frequencies. 
Increasing  /,  the  length  of  conductor 
in  the  voice  coil,  does  not  cause 
much  gain  in  efficiency,  because  rtio 
and  »v  are  simultaneously  increased. 
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Figure  7  shows  that  the  smaller 
throat  improves  the  high-frequency 
performance  and  at  the  same  time 
reduces  the  low-frequency  efficiency. 
Thus,  it  appears  preferable  to  use 
more  than  one  horn  speaker  to  cover 
a  wide  frequency  band;  large  throat 
horns  for  the  low-frequency  region; 
and  small  throat  horns  for  the  high- 
frequency  range.  Another  reason 
for  avoiding  small  throats  on  horns 
having  a  low  cut-off  frequency  is  to 
reduce  distortion  due  to  overloading 
the  atmosphere  at  the  throat,  espe¬ 
cially  for  large  acoustic  outputs,  as 
will  be  discussed  later.  At  high  fre¬ 
quencies,  if  the  cone  is  relatively 
large  compared  with  the  wavelength, 
a  loss  in  output  will  occur  due  to 
interference  of  the  sound  coming 
into  the  horn  throat  from  different 
parts  of  the  cone  in  the  construction 
of  Fig.  6.  (See  Fig.  8.) 

For  high-frequency  reproduction, 
a  relatively  small  diaphragm  is  re¬ 
quired  for  better  performance.  The 
small  diaphragm  is  undesirable  at 
low  frequencies  for  two  reasons:  (1) 
because  it  will  necessitate  a  very 
long  horn,  and  (2)  because  the  am¬ 
plitude  of  the  diaphragm  for  a  given 
power  output  becomes  too  large. 

Horns  Needed  for  High  Output 

To  design  a  loud  speaker  for  high 
acoustic  output,  it  is  almost  imper¬ 
ative  to  use  a  horn.  The  inherently 
low  efficiency  of  the  flat  baffle  type, 
if  it  were  used,  would  impose  at  least 
two  very  serious  objections.  In  the 
first  place,  the  source  of  audio  sup¬ 
ply  for  the  flat  baffle  speaker  would 
have  to  be  many  times  greater  than 
would  be  required  for  the  horn  type 
for  the  same  acoustic  output.  Sec¬ 
ondly,  and  most  important,  the  rate 
of  heat  generated  in  the  voice  coil 
would  obviously  be  many  times 
greater  in  the  low  efficiency  speaker 
for  a  given  output  requirement. 

The  rate  of  heat  generation  in  the 
voice  coil  is  one  of  the  most  impor¬ 
tant  problems  which  confronts  the 
designer  of  a  high-power  speaker. 
For  a  given  size  of  voice  coil,  the 
temperature  rise  is  directly  propor¬ 
tional  to  the  power  input,  and  a  dan¬ 
gerous  limit  is  reached  at  rela¬ 
tively  low  ratings  for  conventional 
speakers.  For  example,  a  horn  loud 
speaker  operating  at  25  per  cent 
efficiency  showed  a  measured  temper¬ 
ature  rise  of  90°  C.  when  20  watts  of 
electrical  power  was  supplied  to  the 


mechanism.  The  voice  coil  consisted 
of  1  gram  of  enamelled  aluminum 
wire  wound  on  a  diameter  paper 
collar.  An  air  gap  clearance  of 
0.018"  existed  between  each  side  of 
the  voice  coil  and  the  pole  pieces. 

The  temperature  rise  in  this 
speaker  for  20  watts  input  (5  watts 
output)  is  too  high  for  the  paper 
collar  construction  employed  and  the 
speaker  would  undoubtedly  fail  if 
operated  continuously  under  this 
condition. 

Virtue  of  Redesign 

The  above  speaker  was  re-designed 
to  be  50  per  cent  efficient  and  at  the 
same  time  the  air  gap  clearance  on 
each  side  of  the  voice  coil  was  re¬ 
duced  to  0.013".  Twenty  watts  input 
(10  watts  output)  on  the  speaker 
now  cause  only  40°  C.  temperature 
rise.  For  the  same  temperature  rise 
of  90°  C.  as  occurred  in  the  original 
speaker  this  new  unit  required  a 
power  input  of  45  watts,  which  pro¬ 
duced  22i  watts  of  acoustic  power 
output — an  increase  in  rating  of  4J 
times  over  the  first  speaker.  Two 
factors  have  contributed  to  permit 
this  increased  rating :  the  higher  effi¬ 
ciency,  with  its  resulting  reduction 
in  voice  coil  dissipation,  and  the 
smaller  air  gap  clearance  which  per¬ 
mitted  easier  transfer  of  heat  from 
the  voice  coil  to  the  field  structure. 

In  the  design  of  loud  speakers  to 
give  several  hundred  acoustic  watts 
output,  besides  making  the  efficiency 
as  high  as  possible  and  the  air  gap 
clearance  a  minimum,  the  outer  sur¬ 
face  of  the  voice  coil  conductor  must 
be  increased  with  increasing  rating. 
Also,  the  paper  form  must  be  avoided 
in  building  up  the  voice  coil  to  elimi¬ 
nate  the  possibility  of  its  burning 
up  at  the  temperatures  w'hich  are 
encountered.  Special  temperature 
resisting  cements  must  also  be  em¬ 
ployed  in  the  voice  coil  assembly. 

Another  problem  is  that  of  the 
large  mechanical  forces  which  come 
into  play  at  the  high  outputs.  These 
forces  may  be  of  the  order  of  50  lb. 
so  that  extra  precaution  must  be 
taken  in  fastening  the  voice  coil  to 
the  cone.  The  usual  procedure  is  to 
both  sew  and  cement  the  voice  coil 
(conveniently  made  of  flat  ribbon 
instead  of  wire)  to  the  cone. 

Another  serious  problem  which 
arises  in  horn  type  speakers  is  the 
distortion  due  to  overloading  of  the 
atmosphere  at  the  throat.  If  the 
sound  pressures  at  the  throat  become 


a  reasonable  fraction  of  atmospheric 
pressure,  the  velocity  of  propagation 
of  the  wave  crests  w’ill  be  increased 
due  to  the  higher  density  of  the  air, 
and  the  velocity  of  the  troughs  will 
decrease  due  to  the  lower  density. 
Thus  the  wave  front  becomes  steep 
with  the  corresponding  introduction 
of  harmonics. 

M.  Y.  Rocard  in  Comptcs  Remius 
(January  16,  1933)  works  out  the 
theoretical  value  of  the  amplitude  of 
the  second  harmonic  which  will  be 
generated  in  the  throat  of  a  horn, 
and  he  finds  that  the  amount  of 
power  which  can  be  generated  per 
sq.cm,  of  throat  area  for  a  given 
amount  of  second  harmonic  distor¬ 
tion  is  directly  proportional  to  the 
square  of  the  cut-off  frequency  and 
inversely  proportional  to  the  square 
of  the  fundamental  frequency  gen¬ 
erated  in  the  horn. 

From  the  information  of  Rocard. 
this  equation  can  be  deduced: 

vV /  !i  \ 

R  =  (  —  )  X  HH)%  (12' 

40  >\  f.  / 

where 

R  =  per  cent  second  liarmonic  generated 
in  the  output. 

If  =  acoustic  watts  output  per  sq.cm,  of 
throat  area, 

/i  =  fre(iuency  of  the  signal  impressed 
on  speaker, 

f,  =  cut-ort  frequency  of  the  horn. 

Assume  that  a  horn  with  a  throat 
area  of  100  sq.cms.  and  a  cut-off  fre¬ 
quency  at  80  cycles  is  generating 
10  watts  of  acoustic  power  at  a  fre¬ 
quency  of  4,000  cycles.  A  solution  of 
eq.  (12)  for  this  specific  case  indi¬ 
cates  a  second  harmonic  component 
in  the  output  equal  to  39  per  cent  of 
the  fundamental.  Although  the  ex¬ 
actness  of  this  theoretical  result 
must  be  subjected  to  experimental 
verification,  it  indicates  mo,st  strik¬ 
ingly  the  terrific  distortion  that  will 
be  introduced  if  large  amounts  of 
high-frequency  power  are  to  be  re¬ 
produced  through  a  horn  having  a 
low’-frequency  cut  off.  In  the  above 
problem,  if  two  speakers  were  used 
to  cover  the  frequency  range  instead 
of  one,  the  second  harmonic  at  4,000 
cycles  would  be  5J  per  cent. 

‘Rayleigh.  Theory  of  Sound,  Macmillan, 
Vol.  II,  pp.  278  and  302. 

*Ol8on  and  Massa,  Applied  Acoustics 
Blakiston,  Philadelphia,  p.  165. 

“Webster,  A.  G. :  Proc.  Nat.  Acad.  Sci. 
1919. 

Stewart,  G.  W. :  Phya.  Rev.,  1920,  p.  31" 

Slepian  and  Hanna:  Amer.  Inst.  Elec 
Eng.,  1924,  p.  384. 

Ballantine,  S. :  Jour.  Franklin  Institute 
1927,  p.  85. 


24 


February  1 936  —  ELECTRONICS 


VIBRATORS 


Power  sii|)|)ly  from  batteries  by  vibrators  made  auto  radio 
possil)le.  There  are  wi<Ier  vibrator  uses.  to(K  (’ir<*!iits.  ma¬ 
terials.  eonstriietioii 


ALTHOUCIH  some  battery  oper- 
,  atcd  radio  receivers  were  in¬ 
stalled  in  automobiles  by  a  few  hardy 
pioneers  as  early  as  1922  or  192:i, 
nothin}?  much  happened  to  put  life 
into  this  hu}?e  potential  market  un¬ 
til  the  bu}raboo  of  carryin}?  around 
heavy  B  batteries  was  laid  away  by 
the  development  of  the  vibrator  as 
a  power  convertiii}?  device.  Motor 
}?enerators  or  similar  rotatin}?  ma¬ 
chines  were  en}?ineered  for  this  pur¬ 
pose  but  they  could  not  compete  with 
the  vibrator  once  its  early  problems 
were  overcome. 

In  19111  a  nationally  known  manu¬ 
facturer  placed  an  interrupter  in 
one  of  the  stora}fe  battery  terminals, 
producin}?  pul.satin}?  d.c.  which  was 
stepped  up  by  a  transformer  and  fed 
to  a  }raseous  rectifier  and  filter  sys- 
ti‘m  to  produce  d.c.,  more  or  less  free 
from  noise.  From  that  date  the 
I  ’•ogress  in  vibrator  design  was 
1  ipid;  in  fact  the  growth  of  the  vi- 
1  rator  from  its  early  crudity  to  the 
1  fined  apparatus  now  sold  to  the 
number  of  a  million  a  year  is  re- 
n.arkable,  considering  the  problems, 
and  the  short  time  in  w’hich  this 
progress  has  been  made. 


Assenihly  of  purls  selected  as  to  di’ 
rnensinns  <\lallor\) 


Sew  Mallory  H-contact  vibrator 


In  the  following  review  of  the 
pre.sent  vibrator  situation,  the  Edi¬ 
tors  have  been  aided  by  Dr.  Marvin 
Blackburn,  I.  M.  Slater,  T.M.  Ro.sser 
of  P.  R.  Mallory,  Billie  Thomas  of 
Radiart,  William  Garstang  of  Elec¬ 
tronic  Laboratories.  R.  A.  O’Reilly 
of  Oak  Manufacturing.  C.  T.  Wallis 
of  Delco  Appliance  Corporation. 

Vibrator  Problems 

Now  one  might  think  it  to  be  a 
simple  problem  to  make  a  vibrator, 
following  the  automobile  spark  coil 
art,  but  no  manufacturer  of  these 
efficient  devices  would  say  so  nor 
would  any  be  so  rash  as  to  say  that 
all  problems  had  been  licked.  Early 
models  were  half  wave  types  in 
which  the  actuating  coil,  the  contact 
points,  the  battery  and  the  filter 
were  all  in  series.  The  points  had 
an  annoying  habit  of  sticking  to¬ 
gether  with  the  result  that  the  vibra¬ 
tor  or  the  set  wiring  or  both  were 
burned  up.  Furthermore  the  unit, 
l)eing  polarized,  had  to  be  connected 
up  in  the  proper  direction  to  prevent 
ruining  the  vibrator  or  the  electro¬ 
lytic  conden.sers.  It  was  most  dif¬ 


ficult  to  filter  free  from  hum  or  noise. 
It  delivered  only  about  35  ma.  at  180 
volts,  not  enough  to  provide  sufficient 
loud  speaker  signal  to  be  heard  above 
car,  wind  and  tire  noise. 

What  was  needed  was  a  unit  that 
would  deliver  an  output  easier  to 
filter,  and  one  that  would  start  on 
4  volts  and  not  burn  up  on  8.5  or 
even  9  volts  delivered  by  the  car 
generator  at  high  speeds. 

There  are  now  full-wave  vibrators 
with  shunt  actuating  coils  which 
provide  an  output  rectified  by  vari¬ 
ous  types  of  tubes  specially  designed 
for  auto-radio  purpo.se,  and  there  are 
vibrators  which  not  only  interrupt 
the  battery  voltage  but  rectify  it 
too.  They  are  known  as  synchro¬ 
nous  types,  and  their  operation  is 
made  possible  by  a  double  set  of  con¬ 
tacts,  one  to  interrupt,  the  other  to 
open  and  close  the  circuits  so  that 
current  flows  in  a  single  direction. 

Present  tendencies  seem  to  be 
about  50-50  for  the  synchronous  and 
the  tube-rectifier  types.  Some  set 
manufacturers  prefer  one,  some  the 
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Fig.  1 — Series  type  vibrator  circuit.  Figs.  2  and  3 — Shunt  circuits  (Data  from  Radiart  Service  Course) 


other.  The  synchronous  types  do 
not  require  filament  power  for  the 
tube,  but  they  seem  to  be  more  dif¬ 
ficult  to  filter,  and  in  the  opinion  of 
some  engineers  have  more  things 
that  can  go  wrong  with  them. 

One  most  interesting  development 
of  the  vibrator  business  has  been 
the  production  of  a  line  of  32  and 
110  volt  units.  The  latter  act  as 
inverters  of  considerable  power 
(150-300  watts)  replacing  rotary 
'converters  because  of  their  lower 
price,  their  greater  portability,  and 
their  greater  efficiency.  This  is  a 
most  important  development,  since 
there  are  many  uses  for  a  source  of 
a.c.  secured  from  a  source  of  d.c. 

Vibrators  brought  with  them 
other  problems :  Transformers  to 
step  up  the  strange  wave  forms  pro¬ 
duced  by  the  interrupters;  contacts 
to  handle  the  peak  currents  of  8  or 
more  amperes;  reeds  and  side  rods 
that  would  not  crystallize  or  burn 
up;  methods  of  dissipating  the  heat 
generated;  methods  of  getting  rid 
of  r-f  interfering  noise  known  as 
“hash”;'  mechanical  vibration  which 
communicates  itself  to  other  radio 
or  automobile  parts ;  audio  hum ;  and 
of  course  higher  and  higher  power 
and  greater  efficiency  demanded  by 
set  and  automobile  manufacturers. 

Vibrator  Circuits 

The  simplest  type  of  vibrator  cir¬ 
cuit  is  the  series  half-wave  connec¬ 
tion  in  which  the  contacts  merely 
open  and  close  the  battery-to-trans- 
former  circuit.  The  full-wave  series 
type  is  but  slightly  more  complex. 
A  center  tap  is  made  to  the  trans¬ 
former  primary.  The  battery  is  be¬ 
tween  this  center  tap  and  the  reed 


which  vibrates  between  two  contacts 
connected  to  the  two  ends  of  the 
transformer  primary.  The  driving 
coil,  nowadays,  is  always  in  a  shunt 
circuit  as  shown  in  Fig.  2  or  3.  In 
Fig.  2  when  the  magnet  pulls  the 
reed  to  make  contact  between  A  and 
C  the  magnet  is  shorted  so  that  the 
reed  moves  back  and  through  its 
neutral  position  to  close  contacts  A 
and  B.  Figure  3  is  a  shunt  vibra¬ 
tor  with  a  series  driving  coil.  An 
extra  point  Y  carried  by  another 
spring  arm  is  in  contact  with  Z  in 
the  neutral  position.  Current  flows 
through  the  coil,  the  contacts  YZ 
to  ground  and  pulls  the  reed  or 
armature  toward  B  which  breaks  the 
current  through  the  coil  and  permits 
the  natural  spring  of  the  reed  to 
pull  the  contacts  back  toward  YZ. 

Series  types  have  the  inherent  lim¬ 
itation  of  low  resistance  coils  draw¬ 
ing  large  currents  from  the  battery 
in  case  the  vibrator  sticks.  If  the 
coil  has  high  resistance,  it  must  dis¬ 
sipate  much  heat  and  of  course  the 
voltage  drop  across  it  is  prohibitive. 
For  this  reason  manufacturers  are 
now  using  the  shunt  coil  type 
whether  for  synchronous  rectifica¬ 
tion  or  for  tube  rectification. 

In  the  synchronous  full-wave  vi¬ 
brator  shown  in  Fig.  3  the  center 
tap  is  maintained  positive,  and  the 
negative  terminal  does  not  vary  in 
sign.  For  farm  sets  where  maxi¬ 
mum  battery  life  before  recharging 
is  desirable  the  synchronous  type  is 
preferred.  It  is  said  that  this  type 
is  harder  to  filter  than  the  tube  type, 
and  that  the  saving  on  the  tube  may 
be  made  up  in  the  more  costly  filter. 
High  voltage  buffer  condensers  are 
required,  the  purpose  of  these  con¬ 
densers  being  to  limit  the  voltage 


rise  upon  breaking  the  circuit  by  the 
vibrator  contacts.  This  inductive 
voltage  may  be  as  high  as  5000  if 
the  normal  transformer  output  is  of 
the  order  of  300  volts.  Much  depends 
upon  the  projK'r  design  of  the  trans¬ 
former,  and  the  buffer  condenser. 
Recent  practice  is  to  reduce  the  size 
of  the  condenser  from  0.002  to  per¬ 
haps  0.0003  mfd.  The  condenser 
controls  the  point  in  the  a-c  cycle 
at  which  the  contacts  open. 

There  are  other  variables  in  de¬ 
sign  and  circuit.  The  frequency  at 
which  the  reed  vibrates  may  be  from 
as  low  as  90-odd  cycles  to  as  high 
as  150.  The  higher  frequency  units 
seem  to  be  harder  to  filter  both  for 
hum  ta.f.)  and  hash.  The  metals 
used  for  reed,  for  side  rod.  for  con¬ 
tacts  have  been  studied  with  consid¬ 
erable  assiduity;  the  portion  of  the 
contact  cycle  in  which  they  are  ac¬ 
tually  in  contact — known  as  the 
“time  efficiency” — plays  its  share  in 
the  performance;  life  depends  upon 
many  factors;  should  the  contacts 
come  together  lightly,  or  under  much 
pressure,  should  they  wipe,  what 
should  be  the  acoustic  insulating  ma¬ 
terial,  and  how  much.  AH  these  mat¬ 
ters  are  variables  which  distinguish 
one  manufacturer’s  product  from  an¬ 
other’s. 

On  the  Market 

In  practice  the  vibrator  is  assem¬ 
bled  piecemeal  on  jigs  out  of  parts 
selected  for  dimensions.  In  older 
models  the  spacing  between  the  vari¬ 
ous  elements  is  adjusted  and  fixed 
by  operators  as  one  of  the  final  op¬ 
erations.  In  more  recent  types  toler¬ 
ances  in  making  the  individual  partJ^ 
are  so  small  that  in  final  assemblj 
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very  little  or  no  adjustment  is  neces¬ 
sary. 

In  the  Oak  non-synchronous  vi¬ 
brator  shown  the  sin^yle  drivinjr  con¬ 
tact  is  in  the  middle,  framed  by  the 
reed  assembly.  The  reed  is  made  of 
Swedish  spring'  steel  and  carries 
the  driving  contact  on  an  extended 
portion  of  it.self,  with  the  contact 
release  plates  on  one  side.  The  reed 
power  contacts  are  mounted  on  sep¬ 
arate  plates.  These  are  fastened  to 
the  spring  at  the  point  where  mini¬ 
mum  loading'  of  the  reed  is  consistent 
with  proix‘r  contact  pressure  and 
contact  ^ap  spacin^r. 

The  six)n^e  rubber  base  is  non- 
tarnishing  and  supports,  cushions 
and  insulates  the  base.  A  sponge 
rubber  cap  in  the  top  of  the  can 
permits  limited  free  motion.  The 
rubber  seal  in  the  base  has  consid¬ 
erable  acoustical  importance.  It  is 
held  fast  by  a  special  plastic  base 
and  snap  ring.  The  reed  driving  coil 
is  bifilar  wound;  one  winding  of 
chromoxide  wire  driving  the  reed; 
the  other  winding  is  short  circulated 
and  ab.sorbs  hash  and  reduces  arcing 
at  the  contacts. 

On  the  outside  center  of  the  frame 
is  the  driving  contact.  Only  a  sin¬ 
gle  adjustment  is  necessary.  Since 
Oak  designs  vibrators  for  manufac¬ 
turers’  individual  requirements  this 
fina'  adjustment  can  be  made  and  the 
uni‘  sealed  before  shipment. 

The  synchronous  type  has  four 
con  acta  instead  of  two.  Another 
typ-  has  a  split  reed  so  that  the  rec- 
tifi(  r  circuit  and  interrupter  circuits 
nia.'  be  isolated.  Thus  the  voltage 
droj,  in  the  B  circuit  may  be  used 
for  grid  bias.  The  Oak  high  power 
typ(  will  carry  22t  watts  at  6  volts, 
ft  i-^  non-synchronous,  has  contacts 


0.218"  in  diameter,  special  alloy  fins 
dissipate  the  heat. 

Oak  u.ses  Oakalite  rod  tungsten  for 
power  contacts  of  the  ground  di.sc 
type  measuring  0.175"  to  0.218"  in 
diameter  with  a  grain  count  of  50,- 
0(t0  per  s<iuare  millimeter.  The  side 
contacts  are  resiliently  mounted  to 
provide  proper  jH'rcentage  of  closure 
time,  and  a  (juick  break  as  the  con¬ 
tacts  open  at  practically  the  maxi¬ 
mum  velocity  position  of  the  reed. 
The  driving  contacts  are  made  of 
special  palladium  silver  alloy. 

Some  novel  advancements  in  me¬ 
chanical  design  have  been  made  in 
a  new  vibrator  soon  to  be  announced 
by  P.  K.  Mallory  and  shown  to  the 
Kditors  on  a  recent  visit  to  the  In¬ 
dianapolis  plant.  This  is  a  small 
unit  with  the  most  marked  differ¬ 
ence  with  older  types  of  having  par¬ 
allel  contacts,  mounted  on  indepen¬ 
dent  supporting  springs  for  the 
non-.synchronous  type.  The  frame 
is  constructed  of  one  piece  of  metal 
which  also  forms  the  core  for  the 
driver  coil.  With  this  design  it  is 


possible  to  hold  the  dimensions  to 
much  closer  tolerances  than  with  any 
previous  design.  These  close  dimen¬ 
sions  permit  the  use  of  a  driver  coil 
of  a  radically  different  type.  Previ¬ 
ously  coils  of  this  type  w’ere  made 
of  three  or  more  pieces.  The  in¬ 
ternal  heat  of  the  vibrator  was  re¬ 
sponsible  for  the  expansion  of  the 
wire,  which  would  cause  the  bobbin 
ends  to  interfere  wuth  the  vibration 
of  the  reed,  or  it  was  necessary  to 
make  the  core  longer  so  expansion 
would  have  no  effect.  In  the  new 
Mallory  vibrator  a  moulded  Bakelite 
coil  bobbin  is  used.  In  the  construc¬ 
tion  of  this  bobbin  it  is  necessary 
to  use  a  special  “mix”  of  bakelite 
powder.  After  weeks  of  experimen¬ 
tal  work,  this  special  “mix”  was  se¬ 
lected  so  that  bobbins  having  only 
the  greatest  possible  strength  and 
a  minimum  wall  thickness  could  be 
obtained.  This  “mix”  was  also  se¬ 
lected  because  of  its  ability  to  resist 
“wire  expansion.” 

There  are  many  novel  features  of 
the  stack  assembly'.  In  the  past  it 
has  been  impossible  to  build  .stack 
as.semblies,  in  production  quantities, 
without  manual  adju.stment  of  the 
contact  point  spacings,  either  by 
l)ending  the  side  springs  or  by'  using 
.screw  adjustments.  Spring  bending 
is  not  satisfactory  since  all  metals 
have  a  tendency  to  “reset”  after  be¬ 
ing  bent.  The  “reset”  of  the  spring 
is  accelerated  by  the  heat  of  the  vi¬ 
brator  and  in  a  short  time  the  con¬ 
tact  point  .spacings  will  change  suf¬ 
ficiently  to  cause  the  vibrator  to  be 
slightly  out  of  adjustment.  This 
cau.ses  rapid  wear  of  the  contact 
points.  In  the  new  Mallory  vibrator 
the  parts  are  held  to  extremely  close 
production  tolerances. 

By  using  carefully  .selected  stock 
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condensers  are  mounted  in  slots  on 
the  frame  of  the  rectifyinj?  type,  and 
near  the  rectifier  in  the  simpler  type. 

Wiping  action  at  the  contacts  is 
secured  on  the  synchronous  type  by 
inclining  the  contacts.  Screws  ad¬ 
just  the  spacing  by  varying  the  sta¬ 
tionary  contact  springs.  A  resilient 
spring;  system  aids  in  obtaininK  the 
proper  saturation  time.  Stationary 
contact  sprinjfs  on  the  simpler  unit 
are  mounted  cantilever  fashion  on 
the  frame. 

Vibrators  are  i)laced  in  metal  cans 
with  rubber  lininjf  proportioned  to 
obtain  the  >rreate.st  sound  absorp¬ 
tion  in  the  available  space.  Delco 
vibrators  work  at  about  95  cycles. 
Lon}?  contact  life  is  secured  by  lar}?e 
reed  amplitude  with  hi}rh  rate  of 
separation  to  prevent  any  tendency 
to  arc. 


Details  of  standard  Oak  non- 
synchronous  unit  in  cut-ituay 


for  reeds  and  auxiliary  springs  with 
careful  heat-treatment  to  relieve 
manufacturing  stresses,  and  com¬ 
bining  parts  made  from  this  ma¬ 
terial  with  stock  parts  accurately 
ground  to  tolerances  of  ten-thou¬ 
sandths  of  an  inch  in  thickness,  the 
assemblies  go  together  with  such  ac¬ 
curacy  that  no  bending  or  deforma¬ 
tion  of  vital  moving  springs  is  re¬ 
quired  to  secure  correct  spacings  of 
the  contacts  and  thus  good  operation 
of  the  units.  This  means  that  all 
units  should  perform  the  same  and 
that  a  defect  in  the  vibrator  because 
of  a  failure  of  some  adjustment  to 
“stay  put”  cannot  occur.  This  in¬ 
sures  longer  and  more  uniform  life. 

The  design  of  the  new  Mallory  vi¬ 
brator  incorporates  higher  contact 
pressures  than  those  in  any  of  the 
small  type  vibrators.  The  use  of 
tungsten  in  its  many  forms  as  con¬ 
tact  material  is  predicated  entirely 
on  the  use  of  contact  pressures  of 
sufficient  magnitude  to  break  through 
the  tungsten  oxide  formed  during 
operation. 

Higher  contact  pressures  make  the 
vibrator  more  noisy  mechanically. 
The  higher  mechanical  noise  re¬ 
quired  a  sound  insulating  liner  in 
the  can  that  would  prevent  the  me¬ 
chanical  noise  from  escaping  and 
also  reduce  the  vibration  to  an  ac¬ 
ceptable  value.  The  sound  insulator, 
or  “sock”  of  the  new  vibrator  sup¬ 
presses  the  mechanical  noise  and  vi¬ 
bration  to  an  acceptable  level  and 


still  conducts  enough  heat  to  permit 
the  vibrator  to  operate  at  a  reason¬ 
able  temperature. 

The  housing  of  the  vibrator  is 
made  of  extruded  zinc  and  is  IV'  x 
3  3/16",  not  including  the  connection 
prongs.  The  flat  end  of  the  can  is 
designed  so  as  to  have  a  heavy  tap¬ 
ered  end  for  the  elimination  of  the 
diaphragm  action. 

The  photograph  show's  that  there 
are  8  contacts  in  the  new  unit.  The 
object  is  to  so  distribute  the  load 
between  the  contacts  that  longer  life 
would  result. 

The  time  efficiency,  or  time  the 
contacts  are  closed  against  the  total 
time  of  oscillation,  has  been  greatly 
improved.  The  improved  time  effi¬ 
ciency  gives  an  improved  wave  form 
which  permits  the  circuit  to  be 
changed  to  improve  life  of  the  vibra¬ 
tor,  and  to  give  greater  efficiency. 
Only  minor  changes  in  the  circuit 
are  required. 

Greater  uniformity,  less  space,  de¬ 
creased  mechanical  noise  and  vibra¬ 
tion,  greater  efficiency,  greater  ea.se 
of  replacement  (Mallory  has  a  large 
replacement  business)  and  improved 
appearance  are  the  virtues  of  this 
new  construction  from  the  stand¬ 
point  of  the  user  according  to  Mal¬ 
lory  engineers. 

Delco  vibrators  u.se  heavy  U- 
shaped  frames  w'ith  the  coil  at  the 
closed  end.  Four  pairs  of  contacts 
are  used  on  the  synchronous  type, 
two  on  the  other  types.  Timing 


Delco  unit  with  inclined  contacts 


Careful  choice  of  materials  u.sed  in 
vibrators  is  nece.ssary  for  long  life. 
Tungsten  seems  to  be  universally 
u.sed  for  contacts.  The  decision  of 
Mallory  engineers  to  use  parallel 
contacts  is  dictated  by  the  following 
reasoning:  tungsten  ns  a  contact 
material  has  the  characteri.stics  of 
having  no  mechanical  wear  but  hav¬ 
ing  electrical  wear  or  erosion.  This 
erosion  is  caused  by  flaking  off  of 
tungsten  oxide  cau.sed  by  sparking 
at  the  contact  points  and  the  flaking 
must  take  place  for  tungsten  to  l)e 
expo.sed  to  make  contact  at  the  neKt 
closure  at  that  point.  The  rate  of 
forming  of  this  oxide  is  increa.sed  iS 
the  current  handled  by  the  cont:  ct 
increa.ses,  but  is  not  directly  prop^'r- 
tional,  being  somewhat  of  a  ?  2 
power  proportion.  Since  only  a  po  nt 
connection  is  made  on  a  single  con¬ 
tact  at  any  one  closure,  no  advantage 
is  gained  when  handling  high  cur¬ 
rents  by  the  use  of  large  diame  er 
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contact  points  other  than  to  provide 
a  larger  amount  of  tungsten  to  be 
eroded.  By  furnishing  two  springs 
in  parallel,  the  design  can  be  correct 
and  still  furnish  two  possible  points 
for  connection — one  at  each  contact, 
since  the  contacts  are  independently 
sprung.  This  not  only  provides  a 
possibility  of  reducing  the  current 
density  in  the  contacts,  but  also  fur¬ 
nishes  a  much  greater  conducting 
area  in  the  springs  and  stops  for 
carrying  the  current  and  heat  away 
from  the  contacts. 

The  reed  and  outer  spring  mate¬ 
rials  in  the  new  Mallory  vibrator  are 
of  high  grade  chrome-vanadium 
steel,  different  types  of  this  metal 
being  used  in  the  reed  and  contact 
springs.  Kakelite  spacers  of  new 
material  designed  for  n*tn-flowing 
characteristics  are  used.  These 
spacers  are  ground  flat  and  parallel 
to  a  tenth  of  0.0001  inch.  It  is  in¬ 
teresting  to  note  that  1‘)  .separate 
grinding  operations  are  necessary  in 
this  new  vibrator;  that  horizontal 
double  disc  grinders  are  u.sed  for 
this  purpose;  that  (’arl  Zei.ss  Opto- 
tests  in  conjunction  with  Johann.sen 
gages  are  used  for  sorting  the  flat 
pieces  and  that  shadowgra|)hs  and 
optical  comparators  with  magnifica¬ 
tions  of  from  45  to  1  to  as  high  as 
125  to  1  are  used  in  the  more  in¬ 
tricate  pieces  and  assemblies. 

After  studying  many  alloys  and 
metals  for  .semi-stationary  reeds  that 
must  carry  considerable  curretit  and 
which  must  preserve  their  original 
shape  and  position.  Kb*ctronic  Lab¬ 


oratories  has  come  to  the  use  of 
Monel  metal.  This  organization 
found  a  considerable  increase  in  vi¬ 
brator  life  and  freedom  from  rejects 
from  the  field  after  going  to  the  use 
of  this  metal.  (Readers  interested 
in  greater  detail  of  this  point  should 
see  Time  l)eceml)er  b.  11K»5,  adver- 
ti.sement  of  the  International  Nickel 
Company.)  Monel  is  now  used  by 
this  company  exclusively  for  the  side 
rods.  The  vibrating  reeds  are  made 
(*f  Swedish  spring  steel. 

Kven  the  acoustic  insulating  mate¬ 
rials  are  cho.sen  with  care,  and  some 
of  the  companies  making  vibrators 
have  developed  patented  methods  of 
preventing  noi.-e  from  getting  out. 

Power  Vihratorn 

Of  more  gerieral  application  than 
the  (5-volt  units  made  expressly  for 
automobile  or  farm  radio  sets,  are 
the  J52  volt  and  the  110  volt  units, 
especially  those  of  Klectronic  Labor¬ 
atories  which  are  really  efficient 
sources  of  110  volts  a.c.  secured  from 
110  volts  (or  :?2)  d.c. 

In  these  vibrators  the  big  pr(»b- 
lem  is  to  get  rid  of  the  heat.  The 
reed  must  be  rigid,  must  carry  the 
current,  and  yet  mu.st  always  start 
to  vibrate  when  the  input  circuit  is 
clo.sed.  Klectronic  Laboratories  use 
a  patented  arrangement  of  a  series 
coil  resonated  to  the  vibrating  fre¬ 
quency  of  the  rt'ed,  an  external  re¬ 
sistance  to  prevent  too  great  heat 
loss,  and  a  lamp  whose  resistance  is 
at  first  low  and  then  increa.ses  as 


the  current  through  it  increases.  In 
this  manner  an  additional  starting 
torque  is  supplied  to  a  .stiff  reed  to 
make  certain  the  the  vibrator  starts. 
Characteri.stics  of  the  110  d.c.  to  110 
volt  a.c.  are  given  here.  (See  U.  S. 
Patent  2.020.()81.) 

Am  usot'i/  A pixirotiis 

Vibrators  demand  transformers, 
condensers,  filters.  This  year’s  vi¬ 
brators  seem  to  be  better  designed 
than  formerly,  particularly  from 
the  standpoint  of  efficiency  and  wave 
form.  Now  that  o.scillographs  are 
being  used  to  a  greater  extent  in 
vibrator  research,  the  causes  of  hash 
and  hum  are  being  discovered.  The 
benefit  of  improved  time  efficiency 
is  being  learned. 

Vibrator  manufacturers  now  want 
to  know  from  the  set  manufacturer 
the  specifications  (or  a  sample)  of 
the  transformer  to  be  used;  the 
power  required  at  given  input  volt¬ 
age  (or  current  and  voltage)  a  cir¬ 
cuit  of  the  power  pack,  the  primary 
circuit,  with  regard  to  condensers, 
resistors,  etc. 

In  general  the  transformer  is  to 
be  of  low  flux  density  and  low  leak¬ 
age  reactance.  These  factors  are 
met  by  a  comparatively  large  cross 
section  of  iron  and  few  primary 
turns.  The  buffer  condenser  must 
be  such  as  to  correct  the  power  fac¬ 
tor  during  the  transition  period  be¬ 
tween  one  .set  of  contacts  and  the 
other  to  prevent  an  inductive  spark 
at  the  instant  of  make  and  break. 


Metal-Clad  Tube  for  Colleges 


each  tyi>e  of  connection.  The  tube 
can  also  be  easily  modified  to  in¬ 
clude  three  anodes  and  three  asso¬ 
ciated  grids,  so  that  it  can  be 
operated  either  as  a  rectifier  or  as 
an  inverter.  Studies  can  be  made  of 
the  design  of  grids  and  their  relative 
position  as  related  to  the  anodes  and 
cathode.  Experiments  can  also  be 
performed  involving  voltage  regula¬ 
tion  by  means  of  grid  control,  high- 
.S’,  eed  electronic  circuit  breaker  pro- 
t*  -tion  using  the  grids  to  interrupt 
p  over,  inversion  of  reactor  energy, 
SI  eed  control  of  d-c  motors,  dynamic 
b’aking  of  d-c  machines,  fretiuency 
clanging,  static  coupling  of  net- 


{('oiithnird  from  ]>ojfe  /.'*] 

works  with  power  flow  in  either 
direction,  and  d-c  transmission  of 
power.  The  tube  is  of  sufficient 
capacity  to  be  used  with  apparatus 
already  available  in  laboratories  for 
carrying  out  all  of  these  experi¬ 
ments. 

V’ery  recently  steel-tank  power 
tul)es  have  been  demonstrated  for 
speed-control  and  dynamic  braking 
of  d-c  motor  drives,  and  since  they 
pos.sess  many  advantages  in  com- 
j)ari.son  to  motor  generator  sets  for 
this  application,  it  is  likely  that  they 
will  soon  be  used  for  supplying 
power  to  and  controlling  the  opera¬ 
tion  of  paper  and  textile  machinery. 


printing  pres.ses.  conveyors,  fans, 
pumps,  blowers,  compres.sors,  mine 
hoists,  rolling  mills,  etc.  Among  the 
most  important  advantages  of  power 
tube  control  for  variable  -  speed 
drives  are  higher  overall  efficiency; 
steadier  operation  at  full  sp)eed  and 
particularly  at  slow  speeds;  lower 
maintenance  cost;  quieter  operation; 
insensibility  to  disturbances  on  the 
a-c  system ;  immunity  to  dust, 
metallic  vapor,  fumes  and  moisture; 
possibility  of  direct  connection  to 
any  system  voltage;  and  ability  to 
control  independently  several  mo¬ 
tors  connected  to  a  single  multiple- 
anode  power  tube. 
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R-F  Power  Measurements 


By  measuring  peak  grid-driving  voltage  by  a  direct  reading  rectifier  type  r-f  volt¬ 
meter,  or  by  tbe  use  of  a  rectifier-type  dummy  load,  transmitter  power  may  be  measured 
within  10  per  cent 


Next  to  field  Strenj?th,  power  is 
perhaps  one  of  the  hardest 
quantities  to  measure  in  radio  trans¬ 
mitting  practice.  This  is  unfor¬ 
tunate,  since,  next  to  field  strength, 
power  is  about  the  most  significant 
quantity.  Very  often  material  in  the 
literature  gives  details  of  transmit¬ 
ter  circuits  or  adjustment  procedure, 
but  does  not  enable  the  reader  to 
judge  as  to  the  actual  efficacy  of  the 
arrangements  since  accurate  data  as 
to  power  are  not  included.  Such 
statements  as  “it  would  burn  out  a 
100-watt  bulb,”  or  “it  would  main¬ 
tain  a  3-inch  arc,”  etc.,  really  mean 
very  little.  With  a  simple  and  fairly 
accurate  means  of  power  measure¬ 
ment  at  hand,  the  informative  inter¬ 
change  of  transitter  knowledge 
should  be  greatly  encouraged. 

Of  the  methods  of  radio-frequency 
power  determination,  the  calculation 
of  PR  from  measured  values  of 
current  and  r-f  resistance  is  prob¬ 
ably  most  used.  It  is  laborious  to  the 
extent  that  resistance  measurement 
at  radio-frequencies  is  laborious,  and 
particularly  so  when  the  effective  re¬ 
sistance  is  encountered  as  a  variable. 
Other  methods,  which  utilize  an 
r-f  wattmeter,  calorimeter,  or  tem¬ 
perature  rise,  are  too  roundabout 
for  any  general  application.  The  use 
of  a  light-bulb  as  a  dummy  load  is 
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not  desirable,  because  the  lamp  re¬ 
sistance  changes  over  a  ten  to  one 
range,  from  hot  to  cold.  The  result¬ 
ing  variation  in  load  can  completely 
obscure  other  effects  which  might  be 
under  investigation. 

In  tran.smitter  engineering,  grid¬ 
driving  power  is  of  particular  inter¬ 
est,  both  because  it  represents  the 
output  power  of  the  preceding  stage, 
and  because  it  relates  to  the  ef¬ 
ficiency  of  the  driven  stage.  The 
fundamental  grid  circuit  of  an  r-f 
amplifier  is  depicted  in  Fig.  1,  and 
below  are  shown  typical  curves  of 
grid  driving  voltage,  grid  current, 
and  grid  bias  voltage.  Especially 
should  be  noted  the  fact  that  grid 
current  flows  only  when  the  driving 
voltage  is  higher  than  the  bias  volt¬ 
age — i.e.,  on  the  peak  of  the  voltage 
wave.  If  we  multiply  together  in¬ 
stantaneous  values  of  the  input  volt¬ 
age  and  of  the  current  which  it 
produces,  a  curve  results  which  rep¬ 
resents  the  total  input  power.  The 
average  power  can  be  figured  in  the 
usual  way,  by  dividing  the  total  area 
under  the  curve  by  the  length  of  the 
base  line  (one  cycle). 

How’ever,  since  the  current  flows 
only  at  the  peak  of  the  driving  wave. 


the  driving  voltage  can  in  practice 
be  considered  constant  during  this 
interval,  and  the  averaging  i)roce.ss 
can  be  considered  in  conjunction  with 
the  current  only.  The  average  of 
the  grid-current  wave  over  one  cycle 
is  the  d-c  value.  The  average  power 
input  to  the  grid  is  then  simply  the 
d-c  grid  current  times  the  peak  driv¬ 
ing  volts.  This  first  was  pointed  out 
in  the  literature  by  Thomas.’ 

It  will  be  apparent  that  the  smaller 
the  operating  angle  of  the  grid  cur¬ 
rent,  the  more  accurate  will  be  the 
power  values  obtained.  For  instance, 
if  the  grid  current  flows  for  40®  out 
of  the  .‘l()()°-cycle,  a  sinusoidal  grid 
driving  voltage  will  always  be  be¬ 
tween  94  per  cent  and  100  per  cent 
of  its  peak  during  that  time.  It  will 
also  Ije  apparent  that  greater  accu¬ 
racy  will  result  if  the  actual  peak 
value  of  the  voltage  wave  is  meas¬ 
ured,  rather  than  to  calculate  it  from 
the  r.m.s.  value.  The  latter  pro¬ 
cedure  assumes  a  sinusoidal  wave, 
which  assumption  is  not  justified 
under  the  usual  interstage  tank- 
circuit  conditions.  Power  readings 
obtained  by  the  product  of  peak 
voltage  and  grid  current  will  tend 
to  be  high,  but  seldom  will  be  in  error 
more  than  5  per  cent  to  10  per  cent. 

Probably  the  simplest  way  to 
measure  the  peak  driving-  voltage  is 


Fig.  1 — Fundamentals  of  r-f  power  amplifier  and  details  of  rectifier  voltmeter 
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to  use  a  peak-reading  rectifier-tyi)e 
voltmeter,  set  up  with  an  RCA  879 
type  rectifier  tube  in  the  circuit  of 
Fi^-  1-  Ry  connecting  sufficient  ca¬ 
pacity  at  C,  so  that  the  discharge  is 
negligible  between  cycles,  the  meter 
will  read  and  can  be  calibrated  di¬ 
rectly  in  peak  alternating  volts  input. 
The  calibration  can  conveniently  be 
performed  at  60  cycles,  using  at 
least  5  Mf  capacity  at  C.  To  calibrate, 
measure  the  GO-cycle  voltage  at  K, 
which  will  be  r.m.s.  value  on  any 
ordinary  a-c  voltmeter.  Multiply  this 
figure  by  1.414  and  plot  the  resulting 
peak  voltage  against  the  correspond¬ 
ing  reading  on  the  0-1  d-c  milliam- 
meter.  Taking  one  or  two  readings 
at  the  upjKU*  end  should  be  sufficient 
to  plot  the  calibration  line,  which 
will  be  straight  for  all  j)ractical  pur- 
jKKses.  Changing  the  resistance.  H, 
wilt  change  the  .scale  of  the  meter; 
a  value  of  182,000  ohms  gave  a  full- 
.scale  peak  voltage  of  250,  415,000 
ohms  gave  500  volts  peak,  and  880,- 
000  ohms  1000  volts  peak. 

Although  the  electrode  capacity 
across  the  879  is  only  1.0  its 
impedance  is  relatively  important  at 
radio  frequencies  and  must  be  taken 
into  account.  The  effect  is  to  bypass 
the  rectifier,  or  decrea.se  the  recti¬ 
fication  efficiency,  as  the  frequency 
increa.ses.  As  a  result  the  voltage 
readings  obtained  on  any  given  fre¬ 
quency  must  be  multiplied  by  a  fac¬ 
tor  as  shown  in  Fig.  2.A,  for  that 
frequency.  The  factor  will  be  sub¬ 
stantially  the  same  for  different 
values  of  multiplier  resistance,  R. 

The  879  can  be  used  as  a  direct- 
reading  rectifier-type  r-f  voltmeter, 
by  using  an  IRC  Type  F-1  metallized 
resistor  as  the  multiplier  with  a 
small  equalizing  capacity  in  parallel, 
and  rearranging  the  circuit.  It  will 
read  voltage  directly  over  a  wide 
range  of  radio  frequencies  without 
requiring  correction  for  frequency 
error.  The  circuit  and  construction 
of  the  multiplier-equalizer  are  shown 
in  Fig.  3,  and  the  frequency  error 
in  Fig.  2.  The  equalizer  capacity  was 
et  for  zero  error  at  3500  kc.,  and 
1  ad  a  measured  value  of  3.37  micro¬ 
microfarads.  The  full-scale  range 
V  as  165  volts  r.m.s.  for  values  shown 
<  1  the  circuit  diagram. 

This  voltmeter  arrangement  is 
i:  mentioned  because  it  was  developed 
c:  iring  the  investigation  of  r-f  power 
r  easurement,  and  because  it  has  ad- 
\  intages  in  other  types  of  r-f  work. 
I  or  grid  driving  voltage  it  is  not 
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well  suited,  because  it  reads  aver¬ 
age  rather  than  peak  voltage  and 
so  is  subject  to  waveform  error.  The 
equalizer  cajjacity  across  the  multi¬ 
plier  resistor  must  be  adjusted  em¬ 
pirically  at  radio  frequency,  and  a 
calibration  setup  more  complicated 
than  for  60  cycles  is  required. 

In  the  application  of  the  peak¬ 
reading  voltmeter  to  push-pull  input 


879  and  the  meter  and  the  multiplier 
must  be  insulated  from  ground  for 
the  high  voltage.  If  such  is  impos¬ 
sible  or  inconvenient  the  voltmeter 
may  be  provided  with  a  blocking  con- 
den.ser  and  r-f  choke  to  keep  out  the 
direct  potential.  Because  the  879 
voltmeter  has  an  input  capacity  of 
only  1  micromicrofarad  it  will  cause 
a  minimum  of  disturbance  to  any 


Fife.  2.4 — Calibration  correction  factor  for  peak-reading  voltmeter 


circuits,  the  total  grid  driving  power 
is  equal  to  the  peak  voltage,  meas¬ 
ured  from  one  grid  to  cathode,  times 
the  total  grid  current.  If  the  input 
is  unbalanced  the  average  of  the  peak 
voltage  on  each  grid  might  be  taken, 
for  better  accuracy.  The  voltmeter 
circuit  itself  as  shown  in  Fig.  3  can 


be  connected  only  between  points 
which  have  no  d-c  bias  or  plate  volt¬ 
age  difference.  Usually  it  will  be  en¬ 
tirely  satisfactory  to  clip  across  the 
tank  inductance  from  grid  to  cathode 
points.  If  the  cathode  point,  al¬ 
though  at  ground  for  radio  fre¬ 
quency,  is  hot  with  high  plate  volt¬ 
age  the  filament  transformer  on  the 


r-f  circuit  across  which  it  is  con¬ 
nected. 

The  above  material  on  grid-driv¬ 
ing  power  suggests  that  a  further 
step  can  be  made,  towards  a  dummy 
load  for  r-f  power,  based  on  the  same 
principle.  Instead  of  driving  the  out¬ 
put  of  a  transmitter  into  an  antenna. 


it  may  be  fed  into  a  rectifier-resis¬ 
tance  combination  and  there  meas¬ 
ured  with  comparative  ease.  Going  a 
step  further,  for  a  given  type  recti¬ 
fier,  the  tube  loss  can  be  plotted  as  a 
function  of  the  direct  current,  and 
the  dummy  load  can  be  utilized  also 
as  a  wattmeter.  The  peak-reading 
[Please  turn  to  page  64] 
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Tests  to  Insure  Tube  Quality 


Highly  intangible  factors  determine  the  uniformity  and  life  of  expensive  power 
tubes.  A  written  pedigree  based  on  exhaustive  tests  ami  showing  reason  for  final  replacement 
enables  quality  to  be  maintained  ami  improved. 


By  HARRY  F.  DART 

Electronic  Tube  Engineer 
W estinghouse  Lamp  Company 

Because  of  the  nature  of  the 
work  they  must  perform,  the 
wide  variety  of  materials  in  their 
make-up,  and  the  many  unique  pro¬ 
cessing  treatments  to  which  they  are 
subjected,  electronic  tubes  are  a 
great  deal  more  complex,  both  in 
function  and  design,  than  many 
other  manufactured  products.  For 
this  reason  rigid  quality  control  is 
at  once  more  necessary  and  more 
difficult  to  maintain  than  with  most 
other  fabricated  products  and  hence 
elaborate  and  expensive  inspection 
equipment  is  essential. 

In  controlling  the  quality  of  any 
product,  it  is,  of  course,  necessary 
to  start  at  the  very  beginning  and 
maintain  adequate  supervision  over 
all  raw  materials.  Such  supervision 
involves  more  than  a  mere  inspec¬ 
tion  of  the  characteristics  of  the  ma¬ 
terial,  because  the  source  of  the  ore 
— the  country  in  w'hich  it  is  mined 
— frequently  has  considerable  bear¬ 
ing  on  the  value  of  such  material 
for  filaments  and  other  parts  of  elec¬ 
tronic  tubes.  Therefore,  best  qual¬ 


ity  will  be  achieved  when  the  com¬ 
ponent  materials  are  secured  and 
pre-treated  by  the  organization 
which  manufactures  the  tubes. 

To  assure  uniformity,  the  material 
is  inspected  for  appearance  and 
other  visual  conformity  with  the  es¬ 
tablished  standards;  for  mechanical 
requirements  so  that  it  can  be  used 
without  breakage  or  other  trouble 
in  proce.ssing;  and  for  .specific  re¬ 
sistance  and  any  other  e.ssential  elec¬ 
trical  characteristics  which  may  af¬ 
fect  its  ultimate  use.  Finally,  a 
chemical  analysis  a.scertains  the  ex¬ 
act  nature  of  the  material  as  well 
as  the  presence  of  any  foreign  mat¬ 
ter.  Necessary  in  maintaining  uni¬ 
formity.  these  inspections  are  made 
at  periodic  intervals  during  the  run 
of  a  batch  of  material  as  well  as 
at  the  time  a  new  lot  is  received. 

Filaments  Inspected  in  Cross  Section 

The  life  of  an  electronic  tube  de¬ 
pends  chiefly  upon  the  filament, 
which  must  be  made  according  to 
rigid  requirements  to  assure  uni¬ 
formly  long  life  in  a  tube.  The  man¬ 
ufacture  of  a  .satisfactory  filament 
starts  with  the  careful  selection  of 
the  ore  with  especial  regard  to  its 
chemical  composition.  The  ore  is 
purified  and  proces.sed  with  suitable 
control  at  each  stage  of  its  con¬ 
version  into  a  shape  which  can  be 
used  readily.  After  the  tungsten  is 
drawn  into  wire  of  the  desired  size, 
various  lots  are  proce.ssed  and  sub- 
.sequently  inspected  by  means  of 
microphotographs  of  polished  cro.ss- 
sections,  as  shown  in  the  illustration. 
A  wire  lot,  which  meets  the  speci- 


Filament  structure,  checked  by  this 
cross-section  microphotograph,  re¬ 
veals  crystal  formation  of  greatest 
importance  in  determining  tube 
life  (magnified  170  diameters) 


Rigid  control  of  materials  and 
processing  is  necessary  to  insure 
tubes  costing  as  much  ns  $.}00,  such 
as  this  g  1,-207 

fications,  is  set  aside  and  ear-marked 
for  this  particular  service. 

Special  treatment  cetermines  the 
proper  crystal  size  and  structure  in 
filament  wire.  Known  as  a  flashing 
schedule,  it  involves  a  gradual  in- 
crea.se  in  filament  temperature  which 
eventually  approaches  the  melting 
point  of  tungsten.  Electric  current 
is  pas.sed  through  the  filament  wire, 
while  it  is  mounted  in  an  atmo¬ 
sphere  of  inert  gas.  thus  forming 
the  filament  into  the  proper  shape 
and  promoting  the  desired  crystal 
growth.  Since  accurate  control  of 
this  proce.ss  is  e.ssential,  microphoto- 
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graphs  are  taken  periodically  to  in¬ 
sure  that  the  desired  crystal  struc¬ 
ture  has  been  formed. 

It  is  interesting  to  note  that  one 
form  and  size  of  crystal  structure  is 
essential  for  filaments  used  in  one 
type  of  tube,  while  other  crystal 
structures  will  give  different  char¬ 
acteristics  required  in  other  types 
of  tubes.  For  example,  thoriated 
tung.sten  filaments  should  have  a 
fairly  large  number  of  crystals  of 
1  such  shape  that  the  active  thorium 
.  can  boil  to  the  surface  of  the  wire 
and  replenish  the  supply  which  is 
gradually  consumed  during  the 
I  tube’s  operation. 

j  Tube  parts  must  be  treated  to  re- 
j  move  impurities  which  exi.st  in  the 
original  ore.  For  instance,  all  metals, 
as  well  as  all  glas.ses,  inherently  con¬ 
tain  many  times  their  volume  of 
gases.  Pre-treatment,  to  clean  the 
surface  and  partially  degasify  the 
parts,  may  consi.st  of  heating  them 
to  high  temperatures  in  an  atmo¬ 
sphere  of  hydrogen.  More  complete 
degasing  is  obtained  by  subsequent 
vacuum  furnace  or  induction  treat¬ 
ment.  Parts  are  then  carefully 
wrapped  in  paper,  both  to  indicate 
that  treatment  has  been  completed 
and  to  prevent  subsecjuent  contam¬ 
ination.  To  make  the  most  of  pre¬ 
treatment.  parts  are  assembled  and 
sealed-in  as  promptly  as  possible. 
Should  it  l)e  necessary  to  hold  them 
overnight,  or  for  longer  periods,  they 
are  stored  in  a  vacuum  container. 
Operators  mu.st  wear  gloves  to  pre¬ 
vent  even  the  small  amount  of  oil 
on  the  skin  from  adhering  to  tube 
parts  after  they  have  been  cleaned. 

Care  in  Glass  Working 

Glass  working  is  necessarily  per¬ 
formed  at  high  temperatures.  The 
gla.ss  must  he  allowed  to  cool  slowly 
and  uniformly  so  that  annealing  will 
obliterate  strains  set  up  during  shap¬ 
ing  and  which  would  otherwise  cause 
cracks.  Polarized  light  is  utilized 
t  >  detect  any  specimens  not  entirely 
f  ee  from  strains.  Such  specimens 
a-e  rejected.  Since  gas  is  present 
ii  all  metals  and  glasses  to  varying 
d  'grees,  quality  is  obtained  only  by 
e'  hausting  individual  tubes  to  a  uni- 
f<  rmly  high  degree  of  vacuum.  To 
d-  gas  the  elements  within  the  tube, 
tl  ey  must  be  heated  to  a  temperature 
iT.uch  higher  than  that  at  which  they 
at  tually  operate.  Most  of  the  gas 
piesent  in  the  glass  envelope  is  re¬ 


moved  by  heating  the  tube  to  a  maxi¬ 
mum  temperature  consistent  with 
safety  and  without  injury  to  any  of 
the  parts  of  the  tube.  Also,  the  ex¬ 
haust  must  be  conducted  as  expedi¬ 
tiously  as  possible  in  order  to  main¬ 
tain  clean  bulk  appearance.  By 
means  of  Pirani  and  ionization 
gauges,  the  vacuum  condition  can  be 
ascertained  at  any  time  and  the  pres¬ 
ence  of  leaks  detected. 

Grid  Aligned  With  Filament 

To  obtain  the  uniform  character¬ 
istics  of  electronic  tuV)es,  as  for  ex¬ 
ample,  the  water  cooled  type,  it  is 
necessary  that  the  filament  and  grid 


for  prompt  diagnosis  of  the  difficulty 
so  that  it  can  be  corrected  before 
other  tubes  meet  the  same  fate. 

The  importance  of  maintaining  de¬ 
tailed  records  in  the  control  of  tube 
quality  cannot  be  over-estimated. 
For  that  rea.son  individual  tickets 
mu.st  accompany  each  tube  through 
all  manufacturing  procedure,  as 
shown  on  the  front  cover.  It  sup¬ 
plies  a  complete  history  of  the  tube 
for  permanent  filing.  The  factory 
engineer  examines  the  test  readings 
and  complete  tube  records  before  the 
tube  is  packed  and  must  approve  its 
release.  Data  thus  accumulated  are 
invaluable  in  the  establishment  of 
higher  standards  of  quality,  and  in 


h'  i  I  a  m  e  n  t  and  firid 
alifmment  in  eopper 
aninle  tenter  •  cooled 
lubes  is  checked  by 
X-ray,  as  shown  in 
these  two  pictures 
taken  at  rifcht  anfdes. 
.4  further  picture  is 
taken  after  exhaust  to 
check  aftainst  failure 
due  to  the  hifih  heat 
of  bombardment 


be  properly  aligned  with  respect  to 
each  other  and  to  the  surrounding 
copper  anode.  Anodes  are  X-rayed 
after  the  assembly  has  been  sealed- 
in  to  reveal  the  exact  position  of  the 
inner  structure  and  to  facilitate 
alignment  measurements. 

Use  of  Production  Tickets 

Ab.solute  control  is  exercised  in 
operating  te.sts  where  characteristic 
readings  give  the  final  indication  as 
to  the  quality  and  uniformity  of 
tubes.  If  any  tube  does  not  meet 
the  narrow  specification  limits,  it  is 
rejected  and  immediately  called  to 
the  attention  of  the  factory  engineer 


tracing  or  correlating  field  experi¬ 
ence. 

In  conclusion  then,  it  is  seen  that, 
unlike  many  other  manufactured 
products,  the  quality  of  an  electronic 
tube  depends  upon  certain  intangi¬ 
bles,  such  as  occluded  gases,  mate¬ 
rial  purities,  and  factory  precision 
and  cleanliness,  factors  which  can¬ 
not  be  directly  measured  in  the  fin¬ 
ished  article  itself.  For  this  reason 
these  and  other  factors  which  deter¬ 
mine  final  quality  call  for  careful 
scrutiny  and  control  at  each  succes¬ 
sive  stage  of  processing  as  an  un¬ 
ceasing  guard  against  invisible  de¬ 
fects  which  would  render  the  tube 
less  reliable. 
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Antennas  For  Air  Navigation 


The  table  opposite  has  been  compiled  for  pilots  who  use  aircraft  radio  direction 
finders  of  the  homing  type.  For  the  radio  engineer,  also,  it  is  of  distinct  interest  for  its 
relation  to  the  broadcast  interference  problem 


ONE  problem  which  besets  the 
aircraft  pilot  who  uses  radio 
broadcast  stations  for  direction  find¬ 
ing  purposes  is  the  lack  of  informa¬ 
tion  on  the  exact  geographical  loca¬ 
tion  of  the  antennas  from  which  the 
signals  are  radiated.  This  informa¬ 
tion  is  available  in  the  Berne  List; 
it  is  corrected  by  mimeographed 
statements  from  the  FCC,  but  it  is 
not  in  a  form  easily  used  by  the  pilot, 


By  DONALD  (i.  FINK 

Associate  Editor,  Electronics 

nor  does  the  information  reveal 
other  important  characteristics  of 
the  station,  particularly  its  suscepti¬ 
bility  to  interference  from  stations 
on  the  same  and  adjacent  channels. 

In  the  preparation  of  “Aircraft 
Direction  Finders”  {Electronics, 


Successful  use  of  the  “homing”  radio  compass  depends  on  exact 
knowledge  of  antenna  locations 


October,  1935,  page  7)  the  need  for 
such  information  in  suitable  form 
for  pilots’  use  was  stressed  by  all 
the  men  interviewed,  including  engi¬ 
neers  engaged  in  the  design,  produc¬ 
tion  and  operation  of  the  equipment. 

The  pilot  wants  this  information: 
the  locations  (more  or  less  exact)  of 
stations  toward  which  he  can  aim 
his  direction  finder;  the  degree  of 
reliability  with  which  he  can  identify 
the  station  by  its  frequency  or  call- 
letters;  and  finally,  the  hours  of 
operation,  to  guard  against  a  sign- 
otf  which  would  leave  him  without  a 
signal  to  follow.  He  must  have  some 
means  of  selecting  stations  frw  from 
interference  since  a  mixture  of  two 
signals,  even  though  differing  widely 
in  strength,  will  .so  distort  the  effec¬ 
tive  wave-front  (on  which  his  looj) 
is  trained)  that  grave  errors  of  di¬ 
rection  may,  and  usually  do,  result. 
Simultaneous  and  synchronized  op¬ 
eration  of  stations  must  therefore 
be  guarded  against.  Shared-time 
operation  is  also  dangerous,  for  in 
many  instances  the  pilot  has  no  time 
to  wait  for  station  call-letter  an¬ 
nouncements,  but  must  depend  on 
the  frequency  of  a  station  for  its 
identification.  Shared-<hannel  sta¬ 
tions  do  not  permit  such  identifica¬ 
tion  unless  the  exact  .schedule  of 
hours  taken  by  each  station  in  the 
group  is  know’ll,  and  ail  changes  in 
this  schedule  taken  into  account. 

All  of  the  620  broadcast  stations 
are  not  equally  suitable  for  direction 
finding  purposes.  The  problem 
ari.ses  of  choosing  those  station  < 
which  are  most  suitable,  making 
clear  that  most  of  the  other  stations 
may  be  u.sed  under  proper  conditions 
if  care  is  taken  to  avoid  errors.  In 
determining  the  relative  .suitability 
of  stations,  the  last  court  of  appea’s 
is  a  comprehensive  field-.strength  ar.l 
interference  survey  taken  in  aircra  t 
by  means  of  direction  finding  equi]*- 
ment.  Such  knowledge  will  eventi  - 
[Continued  on  page  65] 
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WHY  DO  SOME  CONCERNS 
FEEL  THE  NEED  OF  TWO 
SOURCES  OF  SUPPLY? 

When  we  are  consulted  we  make  no  commitments  of  any 
sort  until  we  have  the  primary  data  necessary. 

Virst — can  we  do  the  job? 

Stconci — can  we  meet  quantity  demands  or  is  there  too 
much  business  already  committed  to  us? 

When  we  take  over  an  account  we  mean  we  are  prepared 
to  slioulder  all  that  it  implies — that  business  is  then  our 
responsibility. 


SUPERIOR  TUBE  CO. 

Norristown,  Pa. 

(25  MILES  FROM  PHILADELPHIA) 


MANUFACTURERS  OF  FINE  SEAMLESS  TUBING  IN  SMALL  SIZES 
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TUBES  AT  WORK 


A  PHOTOTUBE  and  a  power  amplifier  are  used  to 
reproduce  earthquake  motions  on  a  small  scale  for 
testing  models  of  building  structures.  Power  engineers  de¬ 
velop  a  split-second  trigger  for  a  cathode-ray  sweep  circuit. 


Tubes  Aid 
Earthquake  Study 

Vacuum  tubes  have  recently  been  put 
to  use  in  the  study  of  earthquake  mo¬ 
tions  by  Arthur  C.  Ruge,  a  seismologist 
at  the  Massachusetts  Institute  of 
Technology.  The  tubes  are  used  to 
control  the  motion  of  a  “shaking  table,” 
a  platform  on  which  are  mounted 
models  of  buildings,  water  towers  (see 
illustration)  or  other  similar  struc¬ 
tures.  The  table  is  then  caused  to 
move  in  a  horizontal  direction  with 
abrupt  and  irregular  motions  similar 
to  those  produced  by  earthquakes.  The 
effect  of  this  motion  upon  the  model 
structure  can  then  be  studied  at  will, 
and  faults  in  its  design  corrected 
where  necessary. 

In  the  usual  type  of  shaking  table 
the  motions  imparted  to  the  table  are 
of  'more  or  less  arbitrary  character, 
but  the  new  device  used  by  Mr.  Ruge 
makes  it  possible  to  reproduce  motions 
which  have  occurred  in  actual  earth¬ 
quakes.  A  seismograph  record  taken 
during  an  actual  earthquake  is  trans¬ 
ferred  to  a  shadowgraph,  or  “optical 
cam.”  The  cam  is  in  reality  a  polar 
plot  of  the  earth’s  motion.  This 
shadowgraph  is  then  passed  in  front 
of  a  phototube  in  such  a  way  that  the 
amount  of  light  entering  the  tube  is 
controlled  by  the  position  of  the  cam. 
The  output  of  the  phototube  is  then 
led  to  amplifiers,  analyzers  and  a  final 
power  amplifier  which  controls  a  mag¬ 
netic  valve.  The  force  supplied  by  the 
final  output  stage  available  for  moving 
the  valve  can  be  as  great  as  50  pounds. 
The  valve  controls  a  reservoir  of  oil 
under  pressure,  which  by  pressing 
against  a  piston  causes  the  platform 
of  the  shaking  table  to  move  in  ac¬ 
cordance  with  the  variations  plotted  on 
the  optical  cam. 

The  flexibility  of  this  arrangement 
makes  it  possible  to  reproduce  motions 
which  could  not  be  handled  by  the 
formerly  used  mechanical  cams  and 
levers,  and  the  new  device  is  particularly 
effective  in  irregular  motions  which  do 
not  repeat  themselves. 

Although  2,000  lb.  of  force  are 
available  to  move  the  shaking  table, 
only  a  small  amount  of  this  is  actually 
used,  just  sufficient  to  make  the  table 
follow  the  motion  of  the  shadow  on 
the  optical  cam.  By  means  of  in¬ 
stalling  similar  control  devices  for 
vertical  motion  and  for  horizontal  mo¬ 
tion  at  right  angles  to  that  now  avail¬ 
able,  a  completely  general  system  is 


available  for  reproducing  actual 
ground  motion.  The  device  promises 
to  be  of  considerable  value  in  the  de¬ 
sign  of  earthquake-resisting  structures. 

•  •  • 

Electrical  Device 
Guards  Radium  Workers 

In  addition  to  the  regular  precautions 
taken,  the  radium  department  of  West¬ 
minster  Hospital,  London,  is  using  a 
new  electric  “tell-tale”  apparatus. 


which  can  be  carried  in  the  pocket. 
This  will  reveal,  on  examination  at  the 
end  of  the  day,  how  much  effective  ex¬ 
posure  the  operator  has  received. 

When  going  on  duty  the  operator  will 
take  from  a  cabinet  a  small  tube  of 
elektron  metal  about  2  inches  long,  and 
in  so  doing  will  operate  a  simple  “clock¬ 
ing  in”  apparatus  which  indicates  the 
time  at  which  he  takes  possession  of  his 
“tell-tale.”  At  the  end  of  the  period 
for  which  he  is  on  duty  he  will  replace 
the  tube  and  at  the  .same  time  “clock 
out.”  Inside  the  tube  is  a  thin  rod  of 
elektron,  supported  on  amber  buttons 
and  charged  to  about  400  volts.  The 
radium  radiation  which  the  operator 
encounters  in  the  course  of  his  work 
will  cause  this  charge  to  leak  off.  The 
amount  that  does  leak  will  determine 
the  dose  received. 

It  will  thus  be  possible  to  keep  from 


The  earthquake  ‘‘shaking  table.”  Actual  earthquake  records  are  plotted  on 
the  ‘‘optical  cam”  ( white  card,  foreground)  and  caused  to  intercept  light 
entering  a  photocell.  The  cell  controls  a  power  amplifier.  This  in  turn 
controls  a  magnetic  valve  which  admits  oil  under  pressure  to  a  piston 
connected  to  the  table.  The  model  water-tower  is  thus  subjected  to  motions 
reproduced  from  actual  seismic  disturbances 


40 


February  1936  —  ELECTRONICS 


%/RELIABLE 
✓  UNIFORM 
✓RUGGED 


W^stinghouse 


Every  stage  in  the  manufacture  of  Westing- 
house  Electronic  Tubes  is  carefully  controlled 


ions  ore 


every  tube  is  thoroughly  tested  and  inspected 
to  make  certain  that  it  meets  these  requirements. 


Thus  you  are  assured  that  every  Westinghouse 


oughly  dependable 


For  information  on  Westinghouse  tubes  nrite  to- 


SPECIAL  PRODUCTS  SALES  DEPT. 


BLOOMFIELD,  N.  J 


There  is  a  Westitighouse  Electronic  Tube 
for  every  application. 


FLECTRONICS 


February  1936 


41 


day  to  day  a  complete  record  of  the  in¬ 
cidental  exposures  received  by  each  op¬ 
erator,  and  to  ascertain  whether  or  not 
these  are  wdthin  the  safe  limits. 


Cathode  ray  oscillogrtiph 


♦2000  T  c, 
♦  300  '3,; 


Electronic  Relay  Trips 
Cathode  Ray  Sweep  Circuit 
in  0.2  Microseconds 

Use  of  the  cathode  ray  oscillograph 
for  measuring  transient  voltage  dis¬ 
turbances  on  high-tension  transmission 
lines  has  recently  been  made  by  the 
Brown  Boveri  Company  of  Switzer¬ 
land,  as  reported  in  the  December  1935 
issue  of  the  Brown  Boveri  Review. 
While  designed  primarily  for  use  by 
electric  power  transmission  engineers, 
there  is  no  doubt  that  the  relay  cir¬ 
cuit  will  prove  useful  in  many  elec¬ 
tronic  applications  of  the  cathode  ray 
tube. 

The  circuit  diagram  of  the  device  is 
shown  in  the  illustration  above.  The 
tube  marked  Ts  is  a  conventional 
screen-grid  discharge  tube  which 
causes  the  voltage  across  the  condenser 
C  to  decrease  linearly  with  time  after 
the  discharge  has  been  initiated  by  the 
proper  voltage  on  its  grid  G.  For  use 
in  power  transmission  studies,  the 
total  time  of  sweep  from  beginning  to 
end  of  the  discharge  is  approximately 
10  microseconds,  but  this  period  may 
be  varied  over  wide  limits  depending 
upon  the  time  constant  of  the  capacity- 
resistance  network  between  the  dis- 


4ZMZ  I 


Electronic  relay  for  tripping  cathode-ray  time  .sweep  within  0J2  microseconds 
after  the  impulse  is  applied.  The  lower  of  the  two  figures  given  fttr  plate 
and  grid  voltages  is  the  value  immediately  after  the  impulse  has  appeared 


tube.  When  the  grid  Gu  l>ecomes  nega¬ 
tive,  the  plate  current  of  the  tube 
ceases  and  plate  voltage  is  raised  prac¬ 
tically  in.stantaneously  from  150  to  250 
volts.  This  increase  in  voltage  is 
transferred  through  condenser  Ci  to 
thz  grid  Gi  of  the  tube  Ti,  making  Gs 
positive.  At  once  the  plate  current  of 
Tj  (approximately  10  milliamperes) 
flows,  thus  decreasing  its  plate  volt¬ 
age  from  250  to  200  volts.  This  poten¬ 
tial  drop  is  transferred  through  the 
capacity  ('j  back  to  Ti,  with  the  result 
that  a  negative  potential  of  approxi¬ 
mately  50  volts  is  applied  to  the  grid 
Gi.  The  original  change  in  plate  volt¬ 
age  of  Ti  from  150  to  250  volts  is  trans¬ 
ferred  through  Ci  to  the  control  grid  G 
of  the  discharge  tube  T’.i,  and  at  once 
the  sweep  period  begins.  The  time 
necessary  between  the  arrival  of  the 
impulse  at  the  aerial  and  the  beginning 
of  the  discharge  is  approximately  0.2 
micro.seconds. 

Should  another  impulse  arrive  at  the 
aerial  during  the  discharge  period,  the 
negative  voltage  applied  to  the  grid 
Gi  will  prevent  its  having  any  effect 
on  the  rest  of  the  circuit,  and  as  a  re¬ 
sult  the  sweep  is  allowed  to  continue 
without  interruption  to  the  end  of  its 
normal  period.  At  the  completion  of 
the  discharge  it  is  neces.sary  for  the 
relay  to  reset  itself  ready  for  further 
tripping.  This  is  accomplished  by  the 
following  sequence  of  operation.  The 
grid  Ga,  being  positive,  discharges  the 
condenser  Ci,  which  is  also  discharged 
through  the  resistance  Rt.  As  the  grid 
G.1  thus  becomes  negative,  the  plate 
current  of  tube  Ti  drops,  thus  causing 
an  increase  in  the  plate  voltage  of  the 
same  tube  which  is  transmitted  through 
the  condenser  Ci  to  the  grid  Gi.  As 
soon  as  the  grid  Gi  reaches  its  normal 
potential  (0  volts)  the  relay  is  again 
ready  for  the  next  impulse.  This 
cycle  of  operation  takes  approximately 
one-third  of  a  second. 

The  relay  has  been  used  in  conjunc¬ 
tion  with  a  secondary  time  sweep  cir¬ 
cuit  of  a  magnetic  type  and  of  mud 
longer  period,  the  purpose  of  the  second 
sweep  circuit  being  to  keep  the  spot 
moving  slowly  across  the  screen  of  tht 
tube  to  prevent  its  blackening  th< 
fluorescent  surface  or  causing  foggim 
of  the  photographic  plate.  The  entire 


charge  tube  and  the  cathode  ray  tube. 
Tubes  Ti  and  Ti  constitute  the  elec¬ 
tronic  relay  which  applies  the  neces¬ 
sary  tripping  voltage  to  the  grid  of 
tube  Ti. 

At  the  extreme  right  of  the  diagram 
is  an  aerial  A  which  is  electrostatically 
coupled  to  the  transmission  line  under 
consideration.  When  the  transient 
voltage  impulse  (which  may  be  a 
suddenly  applied  voltage,  a  short  cir¬ 
cuit  or  other  fault),  appears  on  the 
line,  a  voltage  is  electrostatically  in¬ 
duced  in  the  aerial  A  and  is  trans¬ 
ferred  through  a  resistance-capacity 
coupling  to  the  grid  Gj  of  the  tube  T,. 
It  is  assumed  that  the  voltage  thus 
applied  is  negative.  If  not,  it  may  be 
inverted  in  phase  by  a  phase-inverter 


TWO-POUND  TRANSMITTER  FOR  STRATOSPHERF 


Dr.  L.  F.  Curtis  of  the  17.  S.  Bureau  of  Standards  with  a  radio  transmitter 
for  attachment  on  meteorological  balloons.  A  range  of  80  miles  at  a  height 
of  14  miles  can  be  attained 
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ALWAYS  READY  TO  OPERATE 


NO  ratio  arms  to  find  ....  no  standards  to 
connect  ....  no  oscillator  to  hook-up  .  .  .  . 
no  power  source  to  worry  about.  The  Type  650- A 
Impedance  Bridge  is  always  ready  to  go.  It  is  com¬ 
pletely  self-contained  except  for  a  pair  of  head  tele¬ 
phones.  It  is  an  indispensable  tool  in  every  laboratory 
where  measurements  of  resistance,  capacitance,  in¬ 
ductance,  dissipation  factor  (J)  or  energy  factor  (^) 
have  to  be  made  frequently.  It  can  be  operated 
successfully  with  accurate  results  by  anyone  with  a 
few  minutes  practice.  It  is  direct  reading  to  2*^  over 
the  major  portion  of  its  enormous  range.  The  Type 
650- A  Impedance  Bridge  is  priced  at  $1 75.00.  Order 
direct  from  General  Radio  Company,  30  State  Street, 
Cambridge,  Massachusetts. 


WRITE  FOR  CIRCULAR  70E  FOR  COMPLETE 
DETAILS 
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circuit  is  housed  in  a  metal  shield 
which  prevents  external  fields  from 
affecting  its  operation.  The  tubes  used 
are  of  comparatively  high  power.  The 
exact  values  of  the  resistances  and 
capacitor  used  in  the  circuit  are  not 
given  in  the  report,  but  may  be  readily 
computed  by  those  familiar  with 
elementary  circuit  theory. 


Mercury  Vapor  Detector 
Uses  Color  Comparison 

A  NEW  DEVICE  for  testing  the  presence 
of  mercury  vapor  in  the  air  has  been 
perfected  for  the  use  of  industries, 
such  as  those  manufacturing  of  mer¬ 
cury  filled  rectifiers  and  control  tubes, 
in  which  mercury  vapor  is  often  a 
menace  to  the  health  workers.  The 
mercury  detector  makes  use  of  a  chemi¬ 
cal  compound,  selenium  sulphide,  a 
yellowish  chemical  which  turns  brown 
when  exposed  to  mercury  vapor.  In 
practice,  the  selenium  compound  is  ex¬ 
posed  to  the  air  for  a  known  length 
of  time,  after  which  its  color  is  com¬ 
pared  with  a  standard  chart,  which 
indicates  directly  the  concentration  of 
mercury  vapor  in  the  air  during  the 
exposure. 

The  detector  is  so  constructed  that 
in  incandescent  lamp  causes  a  con¬ 
tinuous  flow  of  warm  air  past  the 


selenium  sulphide  surface,  a  conical 
shield  being  used  to  direct  the  air 
from  the  bulb  to  the  compound.  Al- 


G.E.  merrury  vaftor  detector  and 
color  comparison  chart 


though  the  color  comparison  is  made 
by  eye,  it  is  po.ssible  to  use  a  photo¬ 
electric  comparator,  thus  providing 
completely  automatic  operation  and 
making  it  possible  to  install  the  equip¬ 
ment  in  a  remote  location.  .AlS  little 
as  one  part  of  mercury  in  one  hundred 
million  parts  of  air  can  be  detected  by 


FROM  POULSEN  ARC  TO  COLUMBIA’S  CYCLOTRO^ 


means  of  this  device,  and  since  con¬ 
centrations  of  vapor  dangerous  to 
human  life  are  much  higher  than  this, 
it  is  always  possible  to  safeguard 
against  dangerous  conditions. 


•  • 


Hi^li  Power  l*iihlie  Aihlress 
Sysleiii  Used  for 
Christmas  Celehrutioii 

Four  hundred  watts  of  audio  power 
were  used  to  radiate  musical  programs 
from  the  tower  of  the  Lincoln  National 
Bank  and  Trust  Company  in  Fort 
Wayne.  Indiana,  during  Christmas 
week.  Programs  consisted  of  phono¬ 
graph  records  of  Christmas  carols  and 
chimes,  and  other  holi<lay  music.  By 
means  of  a  telephone  connection  be¬ 
tween  the  public  address  system  and 
local  radio  station,  W()W(),  New  Year 
celebrations  in  Paris,  Bermuda,  and 
San  Francisco  were  distributed  through 
the  system.  The  equipment  u.sed  con¬ 
sisted  of  some  ten  or  twelve  separate 
Class  A  power  output  stages,  each 
consisting  of  a  push-pull  parallel 
arrangement  of  four  type  250  tubes. 
TyjK'  SOO  mercury  rectifiers,  and  the 
necessary  voltage  amplifiers  and 
drivers,  were  included  with  the  power 
tubes  in  conventional  panel  rack  mount¬ 
ings  installed  in  the  tower.  .\  total  of 
19  stadium  type  electrcKlynamic  speak¬ 
ers  (12-inch  cones)  were  mounted  on 
the  tower  in  separate  plywood  baffles 
of  the  directional  type. 


Unloading  a  piece  of  the  130,000  pound  magnet  used  in  the  arc  transmitter 
at  the  Navy  radio  station  at  Annapolis  until  1934,  when  it  was  replaced  by 
vacuum  tube  equipment.  The  magnet  has  been  given  to  Columbia  Uni¬ 
versity  for  use  in  the  new  20,000,000-volt  cyclotron  (atomic  bombarder) 
now  under  construction  (see  Electronics,  November  1935,  page  7) 


•  • 


Iiiteriiiittoiit  RtM'eptioii  in 
Broa<leastiii^  Receivers 

According  to  a  survey  made  recently 
and  published  in  the  IRC  Servicer,  in¬ 
termittent  reception,  which  is  the  mo.st 
difficult  problem  which  the  radio  service 
man  meets  in  receiver  servicing, 
originates  most  often  in  the  radio  fre¬ 
quency  or  intermediate  frequency  cir- 
cuit.s.  By  an  analysis  of  service  calls, 
the  following  list  of  causes  of  this 
trouble  was  compiled  by  A.  C.  Brad¬ 
ford:  40  per  cent  of  the  units  causing 
intermittent  reception  are  defective  r-f 
or  i-f  plate  or  screen  b>-pass  con¬ 
densers;  35  per  cent  are  defective  re¬ 
sistors;  8  per  cent  coupling  condensers. 
6  per  cent  tubes;  4  per  cent  all  types 
of  transformers;  2  per  cent  defective 
speakers;  1  per  cent  mechanical  im¬ 
perfections  and  4  per  cent  for  all  other 
causes. 

This  list,  at  first  published  for  the 
benefit  of  service  men,  should  likewise 
be  highly  illuminating  to  the  designing 
engineer,  who  by  careful  attention  to 
the  first  tw’o  or  three  items  on  the  list 
may  eliminate  much  of  this  .sort  of 
trouble  at  the  source. 
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mCTL^mOHrSGH 


HimTYPB'OmSISTORl 


SPACE-SAVING 


Av«tUbU  m  production 
quAntitiot  in  ^4  «nd 
w«tt  units 


In  February,  1935,  this  advertisement  announced 
a  revolutionary  new  resistor,  unbelievably  small  in 
size  for  its  rating  and  completely  insulated  by  a 
ceramic  shell. 


On  the  basis  of  this  improved  design,  claims  of 
savings  in  set  manufacturers’  production  costs,  more 
efficient  chassis  designs  and  elimination  of  mwy  wiring 
difficulties  were  made. 


Now,  after  one  year,  experience  has  shown  that 
Erie  Insulated  Resistors  have  fully  lived  up  to  these 
predictions.  If  you  are  not  familiar  with  this  out¬ 
standing  development  in  carbon  resistors,  we  will  be 
glad  to  send  you  a  generous  supply  of  samples. 


RIE  RESISTOR 


AUTOMATIC  INJECTION 
MOLDERS  OF 
THERMO-PLASTICS 


MANUFACTURERS  OF 
CARBON  RESISTORS 
AND  SUPPRESSORS 


LON  DON 


TORONTO 
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ART 


THE  ELECTRON 


Details  on  two  German  television  receivers  of  recent 
date  show’  the  present  state  of  the  art  in  Europe.  A 
new  graphical  method  of  determining  band-pass  filter 
characteristics  is  reviewed. 


New  Developments  in 
Television  Receivers 

[H.  O.  Roosenstein,  Berlin],  Sound 
and  image  are  received  on  the  common 
antenna  (2  m.  long)  and  amplified  in 
an  r.f.  stage.  The  mixing  stage  which 
follows  furnishes  at  the  same  time  the 
intermediate  frequencies  for  the  sound 
and  for  the  picture  channel,  a  special 
mixing  tube  with  built-in  oscillator 
circuit  being  used  (ACHI).  This  stage 
contains  beside  the  oscillator  circuits 
two  strongly  damped  circuits,  the 
antenna  circuit  and  the  intermediate 
circuit,  both  w’ith  variable  self-induc¬ 
tion  so  as  to  be  able  to  cover  the  range 
35  to  50  me.  for  which  television  trans¬ 
mitters  are  planned  with  a  separation 
of  1.8  me. 

The  amplifier  for  the  image  consists 
of  two  stages:  a  resistance  Tl’i  in  the 
cathode  lead  of  one  of  these  i-f  ampli¬ 
fiers  allows  adjustment  of  the  bright¬ 
ness.  The ’output  is  led  to  the  oxide- 
coated  electrode  of  the  cathode-ray 
tube,  the  bias  being  adjusted  with  the 
aid  of  the  resistance  11%  which  con¬ 
trols  the  contrast  in  the  picture.  The 
band-width  amounts  to  1,400  kc. 
Despite  this  width  the  amplification 
per  stage  does  not  drop  below  15,  a  re¬ 
sult  rendered  possible  through  the  use 
of  intermediate  frequency  and  band 


filter  circuits  with  very  low  losses. 
The  width  of  the  sound  channel  is  20 
kc.  allowing  an  extremely  faithful  re¬ 
production. 

The  deflection  of  the  electron  beam 
is  obtained  by  means  of  a  scanning 
stage  to  which  the  output  of  the  image 
amplifier  is  fed.  It  rectifies  first  the 
image  current  and  separates  the  image 
modulation  from  the  picture — and  line 
impulses.  From  a  push-pull  output 
stage  these  impulses  are  led  to  the  de¬ 
flecting  plates. 

The  screen  measures  19x22  cm.  and 
is  inclined  12°  to  the  vertical.  A  single 
power  transformer  is  used  which  sup¬ 
plies  two  rectifiers,  a  special  power 
tube  for  the  cathode  ray  and  an 
ordinary  power  tube  for  the  amplifiers. 
The  cathode  ray  tube  requires  5,000 
volts;  this  potential  is  produced  by 
means  of  a  Greinacher  circuit  from 
1,800  volt  windings  on  the  transformer. 
Despite  the  absence  of  voltage  regula¬ 
tors  the  potential  remains  sufficiently 
constant. 

The  set  possesses  13  tubes,  5  diodes 
and  rectifiers,  and  one  cathode  ray 
tube.  —  Fernsehen  und  Tonfilni  6: 
77-79.  1935. 

The  editors  have  received  recently 
a  descriptive  folder  from  the  Lorenz 
Company  of  Berlin  (C.  Lorenz 


Aktiengesellschaft)  describing  the  tele¬ 
vision  receiver  illustrated  (p.  48).  The 
receiver  is  a  combined  sight  -  and  - 
sound  instrument  designed  for  recep¬ 
tion  of  television  and  voice  signals  on 
wave  lengths  of  approximately  6.5 
meters.  Although  the  technical  de¬ 
scription  does  not  give  the  number  of 
lines  or  frame  frequency,  it  is  under¬ 
stood  that  the  picture  consists  of  180 
lines,  25  frames  per  second.  A  trans¬ 
lation  by  Mr.  Berthold  Sheffield  of  the 
technical  description  is  as  follows: 

“The  Lorenz  television  receiver 
operates  with  a  high  vacuum  cathode 
ray  tube,  operating  with  a  plate  volt¬ 
age  of  5,000  volts.  The  electron  beam 
is  deflected  in  the  vertical  direction 
electromagnetically  and  by  electrostatic 
means  in  the  horizontal  direction. 
Grid  -  controlled  gaseous  rectifiers 
(thyratrons) ,  each  followed  by  a  single 
stage  amplifier,  generate  the  saw-tooth 
waves  for  the  scanning  and  image- 
change.  The  television  signals  are  re¬ 
ceived  and  amplified  with  a  super¬ 
heterodyne  having  four  stages  of 
intermediate  frequency  amplification, 
each  stage  having  a  band  filter  capable 
of  passing  500  kilocycles  with  uniform 
amplification.  A  Braun  tube  serves 
as  a  second  detector  and  its  ray  poten¬ 
tial  is  controlled  by  the  receiver. 

“The  synchronization  signals  con¬ 
tained  in  the  received  wave  are  filtered 
into  image  and  line  impulses,  and  are 
utilized  for  .synchronizing  the  saw¬ 
tooth  waves  for  image  change  and  line 
frequency.  The  voice  signal  is  re¬ 
ceived  on  a  regenerative  d?tector  and 
two-stage  audio  ami)lifier  feeding  a 
dynamic  spt'aker.  The  power  supply 
for  the  entire  apparatus  is  designed 
for  a  220-volt  line,  and  consumes  ap¬ 
proximately  330  watts. 

“On  the  uppt*r  front  panel  (see  illus¬ 
tration)  of  the  receiver  is  the  image 
screen,  designed  for  a  19x22  cm.  size 
image;  below  is  the  loud  speaker  open¬ 
ing.  In  the  center  are  two  pairs  of 
control  knobs.  The  pair  on  the  left  is 
for  sound  adjustment  (tuning  and 
regeneration).  The  right  pair  con¬ 
trols  the  image  (tuning  of  the  heter¬ 
odyne  in  television  receivei  and  input 
amplitude  adjustment). 

“On  the  outer  right-hand  side,  below, 
is  the  master  power  (on-off)  sw’itch, 
controlling  the  entire  receiver.  In  the 
rear  are  the  power  line  plug,  and 
bushings  for  connecting  ground  and 
antennas.  Two  antenna  bushings  are 
provided  for  connecting  a  dipole,  which 
can  be  used  advantageously  when 
general  receiving  conditions  are  un¬ 
favorable.  Ordinarily  a  simple  short 
antenna  connected  to  the  uppetr  antenna 
post  is  satisfactory  for  receiving  at 
normal  distances  from  the  transmitter. 

“The  receiver  is  adjusted  only  by 
means  of  the  two  pairs  of  control 
knobs.  Adjustments  of  the  voice 
signal  are  made  in  the  usual  manner. 
The  image  controls  are  adjusted  for 


Schematic  diagram  of  new  Telef unken  television  receiver.  Note  separation 
of  image  and  voice  frequencies  after  first  detector 
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*  a  new  CENTRALAB  Product 


The  Wave  Change  Switch,  formerly  made  by  PERFEX  CONTROLS  CO.,  of  Milwaukee, 
Wis.,  is  now  a  member  of  the  famous  CENTRALAB  family. . .  . 

Leading  manufacturers  have  “accepted”  PERFEX  Switches  because  of  their  positive  bit¬ 
ing  contacts  and  their  adaptability  to  all  circuit  requirements. 

.  .  .  and  now  under  the  CENTRALAB  banner  these  wave  change  switches  will,  we  believe, 
enjoy  an  even  greater  popularity.  We  welcome  this  new  member  to  Centralab. 

CENTRALAB  —  Division  of  Glebe  Union  Mfg.  Co.,  Milwaukee,  Wis. 


Write  Centralab  for  information  on  wave  change 
snitches,  sockets,  vibrators,  controls  and  resistors. 
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being  equal  to  fi  and  the  internal  re¬ 
sistance  of  the  tube  being  r,  the  re¬ 
sulting  voltage  amplification  is  equal  to 


where  Z  is  the  impedance  (ohmic  re¬ 
sistance  R  plus  reactance  jX)  of  the 
entire  band  pass.  The  hand  pass  alone 
gives  a  definite  ratio  of  input  to  out¬ 
put  voltage,  a  ratio  which  differs  in 
size  and  phase  from  frequency  to  fre¬ 
quency.  Measured  in  suitable  units, 
this  ratio  may  in  all  practical  cases  be 
represented  by  a  vertical  parabola 
obeying  the  equation 


If  /*  is  the  frequency  at  resonance  or 
the  carrier  frequency,  p  the  frequency 
which  is  being  studied,  d  is  the  number 
of  cycles  off  resonance,  or  equal  to 
p  —  /*,  h  is  the  frequency  correspond¬ 
ing  to  the  points  where  the  parabola 
intersects  the  horizontal  axis,  as  shown 
in  the  figure.  When  d  is  expressed  in 


This  workmanlike  television  receiver,  manufactured  by  the  Lorenz  A-G  firm 
of  Berlin,  is  now  available  to  German  buyers.  As  described  ( p.  46}  it  uses 
regeneration  for  voice,  superheterodyne  for  television  signals,  on  frequen¬ 
cies  in  the  neighborhood  of  six  meters 


off  on  both  sides  being  extremely  steep. 

With  a  finite  number  of  circuit 
elements,  however,  a  top  which  bulges 
upward  in  one  hump,  or  in  two  humps 
with  a  sag  at  the  center,  at  the 
resonance  frequency  must  be  accepted 
as  inevitable,  the  slope  being  gradual 
on  both  sides  of  the  band.  This  curva¬ 
ture  causes  several  defects  in  the  re¬ 
production,  namely  weakening  of  the 
high  notes  when  the  transmission  curve 
has  the  shape  of  a  simple  ridge,  or 
weakening  of  the  lower  frequencies 
when  the  top  has  two  humps.  The 
phase  differences  between  the  fre¬ 
quencies  at  the  center  and  near  the 
edge  of  the  band  are  in  general 
negligible  when  the  .set  is  accurately 
tuned,  but  they  produce  distortion 
when  the  set  is  carelessly  adjusted, 
or  what  is  still  more  serious,  when 
the  band  pass  curve  lacks  .symmetry, 
that  is,  when  the  filter  transmits  a  fre¬ 
quency  which  is,  say,  2,000  cycles  above 
that  of  the  carrier,  better  than  a  fre¬ 
quency  which  is  2,000  cycles  below  the 
carrier.  A  disagreeable  twittering 
may  then  appear,  phase  modulation 
being  produced  in  the  band  pass  owing 
to  the  change  in  response  with  fre¬ 
quency. 

The  influence  of  phase  modulation  in 
the  band  pass  upon  quality  is  best  At  the  frequency  d/b 
studied  by  graphical  methods.  W^hen  differs  by  90°  in  phasi 
the  band  pass  is  connected  between  the  at  d/h  =  0  (carrier 
plate  of  a  tube  and  the  grid  of  the  fol-  any  other  frequency 
lowing  tube,  the  amplification  factor  ference  is  given  by  1 


Master  parabolas  for  the  design  of 
band-pass  filters 


Nonlinear  Distortion  by 
Band  Pass  Filters 


[R.  Feldtkeller,  Siemens  Laborato¬ 
ries,  Berlin].  In  the  design  of  band 
pass  filters  the  ideal  aimed  at  is  the 
flat  top  band,  6  to  10  kc.  wide  and 
preferably  adjustable  in  width,  the  cut- 
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RESISTORS  »f  EXCEPTIONAL  QUALITY 

FraturiMl  l»y  iiois<*|pss  o|»(‘ration.  rupfieil  inechanical  strcn"th, 
non-livfrrosj'opic  material,  permanent  resistanee  value,  these 
Resistors  are  available  in  two  ranges; 

FOK  (;FAKR AI.  COMMERCIAL  APPlJCATIONS 

Stan<lar«l  Hanjre:  1000  ohms  to  10  megohms 

FOR  I.ARORATORY  AM)  EXPERIAIENTAL  APPLICATIONS 
High  \  allies:  10  megohms  to  1,000,000  megohms. 


slight  addilintml  fost,  any  of  tht’sp  resistors 
will  he  supplied  indit  idiially  "noise  tested"  to  the 
following  exacting  specification :  "For  the  complete 
audio  fretptency  range,  resistors  shall  have  less 
noise  than  corresponds  to  1  part  in  l,0(Ut,t)0()" 


DeelareO  hy  many  users  to  he  the  most  satisfactory  resistors 
ohtainahle. 

TK^  TIIKM  in  your  e<|uipnient.  W  RITK  for  descriptive  cir- 
i-ular  showing  types  and  giving  wattage  and  resistance  lange. 


The  S.  S.  WHITE  Dental  Ml;.  Co.,  INDUSTRIAL  DIVISION 

10  East  40th  St.,  Room  2310E,  New  York,  N.  Y. 


for  Gtneral  Plug  Catalog 
Plug  Catalog. 

America*  Airllnee 
Airplane  Development  Co. 

Bell  Telephone  Laboratories 
Blue  Seal  Sound  Dovicet 
Braniff  Airways 
Charlie  Chaplin  Studios 
Columb'a  Studios 
Columbia  Broadcasting  Co. 

Curtiss- Wright  Aeroplane  4  Mtq.  Co. 
Continental  Tlieatre  Accessories 
Walt  Disney  Studios 
Douglas  Aircraft  Company 


or  Special  .Airplane 


there  is  NO  substitute  for  m 

SAFETY  is  the  conscious  and  sub-conscious  goal  of 
all  air  transport  manufacture  and  operation  .  .  . 
and,  in  pursuit  of  this  goal,  leading  airplane  manufac¬ 
turers  have  standardized  on  CANNON  Plugs.  Like¬ 
wise,  leaders  in  every  branch  of  the  electronic  industries 
put  their  faith  in  the  ruggedness,  efficiency  and  de¬ 
pendability  of  CANNON  Plugs  .  .  .  plugs  that  insure 
not  only  safety  but  economy  as  well  .  .  .  plugs  backed 
by  a  quarter  of  a  century  of  experience  combined  with 
a  highly  specialized,  personal  service. 

The  Cannon  Company  takes  pride  in  its  ability  to  serve 
such  clients  as  the  following: 


Eaitcrn  Airlinet 

Electrical  Research  Products.  Inc. 
Fairchild  Aerial  Camera  Corp. 

Fox  Film  Corp  Studios 
Geophysical  Research  Corp. 
Geophysical  Serv  ce.  Inc. 

Hears!  Metrotone  News 
Hearst  Radio.  Inc. 

Lockheed  Aircraft  Corp. 

Glenn  L.  Martin  Company 
Metro-Goldwyn-Mayer  Studios 
Movietonews 


National  Broadcastinq  Co. 

North  Amer  can  Aviation.  Inc. 
Northrop  Corporation 
North  West  Airlines 
Pan  American  Airways 
Paramount  News 
Paramount  Productions 
Pathe  News 

RCA  Mtn  Co.— RCA  Victor  Div. 
RKO  Studios 
Sikorsky  Aircraft  Corp. 


Stinson  Aircraft  Corp. 

Transcontinental  4  Western  Air.,  Inc. 
United  Airlines 
United  Artists  Studios 
United  Re«*areh  Corp. 

United  States  Navy 

United  States  Army  Signal  Corps 

Universal  Pictures  Corp. 

Warner  Bros. 

Western  Air  Express 
Western  Electric  Co. 


CANNON  ELECTRIC  DEVELOPMENT  CO. 

420  West  Avenue  33,  Lus  Anjjeles,  California.  Eastern  Sales  Office:  220  Fifth  Ave.,  New  York,  N.  Y. 


CANNON  PLUGS 
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the  line  from  the  origin  to  the  point 
on  the  parabola  forms  with  the  lower 
section  of  the  vertical  scale.  The  phase 
differences  may  therefore  be  plotted  as 
a  function  of  d/b  for  various  curves 
differing  by  their  value  B.  The  length 
of  the  line  from  the  origin  to  a  point 
on  the  parabola^  divided  by  — B,  which 
is  the  length  corresponding  to  d/b  =  0, 
gives  the  ratio  of  the  voltage  obtained 
at  the  frequency  corresponding  to  the 
point  selected  to  the  voltage  at  the  fre¬ 
quency  d/b  =  0,  which  latter  voltage 
the  a.v.c.  tends  to  maintain  at  its  value. 
These  ratios  are  also  readily  plotted 
for  various  values  d/b  and  for  a  few 
curves  differing  in  B.  The  curves  thus 
obtained  illustrate  immediately  how 
flat  the  top  is  and  where  the  cut-off 
begins.  For  instance,  when  B  is  taken 
smaller  than  0.5,  the  filter  curve  has 
a  single  hump,  and  shows  no  flattening 
at  the  top.  On  the  other  hand,  when 
B  is  equal  to  1.4  some  of  the  fre- 


Band-pass  filter  and  its  equation 


quencies  in  the  center  are  more  than 
3  db.  below  those  at  the  edge,  and  low 
notes  are  unduly  suppressed.  When  B 
is  about  equal  to  1,  the  amplitude  has 
dropped  by  about  5  db.  with  respect  to 
the  low  notes  at  d/b  =  1.4;  if  this  drop 
is  acceptable  at  =t4,000  cycles  from  the 
carrier  (d  —  4,000),  b  must  be  made 
equal  to  4,000/1.4. 

Taking,  for  instance  (in  place  of  the 
two  stage  amplifier  with  staggered  cir¬ 
cuits  treated  in  the  article)  the  case 
of  an  ordinary  inductively  coupled 
band  pass,  the  ratio  t,  input  to  output 
voltage  as  measured  across  the  con¬ 
densers;  is 

Ci  I  p  C\ 

-  —  —  = - (/?.  +/-V,)  iR^+jX/) 

Cl  h  M 

+  p^-m 

where,  as  usual,  X  =  pL  —  1/pC  with 
p  as  the  angular  frequency  p  =  2irf. 
In  the  neighborhood  of  resonance,  d 
cycles  from  the  carrier  {R  +  jX),  may 
for  all  modulated  r-f  waves  (P  much 
larger  than  d)  be  replaced  by  P  -f  2 
jLd  so  that  when  the  two  tuned  cir¬ 
cuits  in  the  filter  have  identical 
elements 


On  dividing  by  4  j  L,Rib,  this  equation 
becomes 

t  J  j  Li  d- 

-  = - -h  -  b - j 

ti  b  Ri  b- 

^  -j 

AbLi  URiLi  J 

where  h  =  i  j  RJjiCib/M.  This  ex¬ 
pression  is  equal  to  that  for  the  master 
parabolas  if  t  is  measured  as  a  multiple 
of  <1 

/.  1  A’l"  .1/  l.\C\ 

R  =  -  \  b  =- 

Ri  4  b  R,  /., 


-h  M/zLi  Cl 
4  Lr- 

In  the  example  cited  R,,  Li,  M  would 
have  to  be  so  chosen  that  b  is  about 
2,960.  At  the  same  time  B  should  not 
exceed  about  1.5  in  absolute  value; 
else  the  average  listener  may  not  be 
able  to  tune  the  rceiver  with  sufficient 
accuracy  to  avoid  distortion.  It  would 
be  a  help  to  him  if  before  programs 
deserving  high  fidelity,  a  signal  modu¬ 
lated  by  1,700  and  2,500  cycles  were 
sent  out.  The  listener  would  so  ad¬ 
just  his  set  that  the  combination  tone 
of  600  cycles  disappears. — H.  Fr.  Tech. 
EL  Ak.  46:  133-140.  1935. 

•  •  • 

Nature  of  Metal 
Surfaees  Revealed  by 
Electron  Diffraction 

The  “Transactions  of  the  Faraday 
Society”  for  September,  1935,  cantain 
the  reports  presented  at  a  special  in¬ 


ternational  meeting  called  for  a  general 
discussion  of  the  structure  of  metal 
surfaces  and  of  metal  coatings  as 
brought  to  light  by  the  diffraction  of 
electrons.  While  X-rays  penetrate  so 
deeply  as  to  reveal  the  structure  of 
the  inner  layers,  they  disregard  the 
surface  film  with  which  the  metal  be¬ 
comes  covered  in  air,  or  which  the 
metal  forms  in  contact  with  air.  The 
low  penetration  of  the  electrons  allows 
the  study  of  this  film,  even  if  it  be 
so  thin  as  to  produce  no  interference 
colors.  Whether  the  surface  layer  of 
a  polished  surface  consists  of  crystals 
broken  into  fragments,  or  of  an  amor¬ 
phous  glassy  layer,  long  a  subject  of 
investigation,  is  decided  by  tests  with 
electrons  in  favor  of  the  glassy  film, 
the  Beilby  layer,  about  30  .\.  thick. 
Klectron  diffraction  effects  are  also 
useful  in  the  study  of  metal  films. 

The  rings  obtained  by  diffraction  in 
commercial  gold  foil,  are  sometimes 
complete  and  suggest  that  the  crystals 
are  at  random;  usually,  however,  the 
crystals  in  rolled  or  beaten  metals 
display  a  certain  degree  of  orientation. 
Suitable  heating  in  air  not  only  in¬ 
creases  both  the  crystal  size  and 
orientation,  but  also  brings  into  promi¬ 
nence  extra  rings  or  bands  or  both. 

Electron  diffraction  reveals  the 
growth  of  crystals  in  thin  foils.  Some 
metals  respond  more  readily  to  heat 
treatment  than  others;  while  gold  is 
rather  sluggish,  aluminum  readily 
forms  single  cry.stals;  thus,  quickly 
drawing  a  thinned  commercial  alumi¬ 
num  foil  through  the  hot  gases  of  a 
Bunsen  flame  increases  both  size  and 
orientation  of  the  crystals,  as  shown 
by  the  short  arcs  and  many  little  spots 
distributed  along  the  diffraction  pat¬ 
tern. 


LOUDSPEAKING  AIRPLANES  POLICE  WILD  TRIBES 


(,  Ri  —  Ri,  Li  —  Lz.  Cl  =  Cj) 

M 

-  t — -  =  {Ri  -\.2jLid)^  A-  {P  +  AP) 
Cl 


Two  clusters  of  dynamic  loudspeaker  units  are  fitted  to  horns  in  the  fuse¬ 
lage  of  this  British  airplane  which  is  used  in  policing  tribal  areas  in  Iraq. 
Orders  and  warnings  from  planes  seem  to  he  much  more  effective  than  the 

use  of  force 
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SHURE 


kBims 


MICROPHONE  PROBLEM? 

A  noisemeter  .  .  .  he<jring-did  device  .  .  .  mechanical 
vibration  analyzer  .  .  .  amplified  musical  instruments'!* 
Broadcast,  recording  or  public  address  pickup”? 

Whatever  your  sound  "pickup"  problem  may  be,  it  will 
pay  you  to  get  in  touch  with  "Microphone  Headquarters." 
Our  Engineering  Department  will  gladly  consult  with  you. 
Often  a  speedy,  economical  solution  will  be  found  in  one 
of  the  many  specialized  Crystal,  Carbon  and  Condenser 
Microphones  in  the  complete  SHURE  line.  Write  us  now 
—  there  is  no  obligation. 


3  O  >  W  3-  O  ^ 

"“5  S  “ 

=  §  M 

o  W  -  r?  J®  rt  « 
S'  hJ  ^  0  S'  q  M 

-n  « 

=•  3  ^  2.  S  p  45 

2  O'  2  3  t®  3  ^ 

3  T'  ?  on  5  c.  7 


■3  O  C 

0  o  5 
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MICROPHONES 

SHURE  SROTNERt  •  MICROPHONE  HEAOQUARTERI 

SIS  WEST  HURON  STREET  •  CHICAGO.  U.  S.  A. 
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Engraving  Stock  #7025 
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For  Engrovod  PonoU,  Signs,  Nomo  Plotos,  Numbor  Plotes 


-•  =r  5. 
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w  rite  or  ire  for  inforniatinn  or  quotations  on  sheet  stock 
or  fabricated  panels.  l.aiiiicoid  #7025  is  a  laminated  sheet. 
Made  up  v»  ith  a  pure  w  hite  core  and  a  beautiful  plossy  black 
surface.  Pure  white  characters  on  the  black  surface  are 
made  by  enpravinp  throiiph  the  black  surface.  I.amicoid 
#7025  is  made  in  all  finishes. 


MICA  INSULATOR  COMPANY 


200  Varick  Street,  New  York,  N.  Y. ;  542  So.  Dearborn  Street,  I 
Chicafto,  III.;  1276  West  3rd  Street,  Cleveland.  Branches  at  Bir-  = 

iningham,  Boston,  Cincinnati,  Los  Angeles,  San  Francisco,  Seattle.  i 

Canada;  Montreal,  Toronto.  = 

. . . 
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SjNAKiPjRflllF  1.0 CK  WASHERS 


MANUFACTURING  REVIEW 


Names  in  the  News 

Edwin  Jay  Quinby  has  joined  the 
public  relations  department  of  the 
Western  Electric  Company  in  an 


editorial  capacity.  Mr.  Quinby  was 
formerly  a  member  of  the  publicity 
and  advertising  department  of  RCA 
Victor,  where  he  founded  and  edited 
that  company’s  sales  publication 
“Broadcast  News.”  Prior  to  that  time 
he  served  in  an  engineering  capacity 
on  the  staff  of  the  Bell  Telephone 
Laboratories.  Mr.  Quinby  is  located 
at  the  company’s  headquarters  at  195 
Broadway,  New  York  City. 

New  Products - 


Maximilian  W'eil  announces  a  prize 
contest  to  determine  the  name  of  a  new 
pick-up  the  Audak  Company,  500  Fifth 
Avenue,  New  York,  has  developed.  This 
new  instrument  is  said  to  have  elimi¬ 
nated  the  factor  of  moving  mass  w’hich 
has  militated  against  perfect  reproduc¬ 
tion.  In  it  the  vibrating  armature  has 
been  made  stationary.  A  first  prize  of 
$100  is  offered  for  the  name  selected; 
there  are  five  consolation  prizes  as  well. 

Centralab,  of  Milwaukee,  W'is.,  manu¬ 
facturers  of  volume  controls,  sound 
projection  controls  and  fixed  resistors 
announces  the  purchase  of  the  Perfex 
Controls  Co.,  of  Milwaukee.  The  Per¬ 
fex  organization  has  made  a  line  of 
wave  change  switches  and  other  radio 
products  and  this  marks  the  entry  of 
Centralab  into  the  wider  field. 

•♦■Thomas  N.  Armstrong,  Jr.,  has  joined 
the  technical  staff  of  the  International 
Nickel  Co.,  Inc.  Mr.  Armstrong,  who 
will  handle  the  steel  castings  develop¬ 
ment  for  the  company  will  operate  out 
of  the  New  York  office  at  67  W’all  St. 

•♦■  Columbia  Broadcasting  System  re¬ 
ports  business  billed  in  December  at 
$1,885,977,  an  increase  of  12.7  per  cent 
over  billings  for  December,  1934.  The 
yearly  billing  for  1935,  in  the  amount 
of  $17,637,804  shows  an  increase  of  19 
per  cent  over  the  billings  for  1934. 

•♦■  H.  M.  Wilcox,  has  resigned  as  vice- 
president  of  the  Electrical  Research 
Products,  Inc.  Mr.  Wilcox  has  been  on 
leave  of  absence  recently,  serving  in 
an  advisory  capacity  in  Paramount 
Pictures,  Inc. 


•♦■  The  “Design  Laboratory,”  located  at 
10  East  39th  St.,  New  York  City  is 
a  recently  established  WPA  project 
which  should  be  of  interest  to  those  in¬ 
terested  in  industrial  textile  or  ceramic 
design  as  well  as  the  regular  graphic 
arts.  Detailed  information  may  be 
secured  from  Gilbert  Rohde,  with 
offices  at  the  above  address. 

•♦■  Hygrade  Sylvania  Corporation  has 
made  several  important  changes  in  the 
personnel  of  its  tube  sales  department. 
Paul  S.  Ellison,  Advertising  Manager 
of  the  radio  tube  division,  becomes 
Sales  Supervisor  of  this  district.  R.  P, 
Almy,  Charles  G,  Pyle,  A.  L.  Milk  and 
H.  G,  Kronenwetter  have  become  in¬ 
creasingly  important  in  this  division  of 
the  Sylvania  organization. 

■♦■  Toledo  Synthetic  Products,  Inc.,  To¬ 
ledo,  Ohio  announces  a  change  in  their 
company  name,  effective  January  1  of 
this  year.  The  new  name  of  the  com¬ 
pany  is  Plaskon  Co.,  Inc. 

♦  Shure  Brothers  Co.,  215  W.  Huron  St., 
Chicago,  recently  announced  that  an  in¬ 
crease  in  the  demand  for  their  products 
necessitated  a  considerable  enlarge¬ 
ment  of  both  factory  and  laboratory 
facilities.  An  interesting  addition  is 
an  improved  low-reverberation  sound 
room  for  acoustic  measurements. 

■♦■  J.  J.  Sally  is  now  representing  the 
Crowe  Name  Plate  &  Manufacturing 
Co.  in  the  Philadelphia  territory.  Mr. 
Sally  will  give  particular  attention  to 
the  radio  field.  His  offices  are  in  the 
Terminal  Commerce  Building,  401  N. 
Broad  Street,  Philadelphia. 


Tubing 

The  Summerill  Tubing  Company, 
Bridgeport,  Pennsylvania,  through  im¬ 
proved  technique  in  recent  months 
offers  1-inch  tubes  with  walls  as  light 
as  .006  in.  Somewhat  smaller  di¬ 
ameters  have  been  made  with  walls  as 
light  as  .004  in. 

This  same  company  has  recently 
produced  seamless  nickel  tubing  .005 
in.  with  a  .0008  in.  wall. 

The  alloys  employed  in  making  these 
tubings  are  of  the  chrome  molybdenum 
series,  which  long  experience  has 
proven  to  possess  high  fatigue  limits. 


Controlled  Rectifiers 

Ward  Leonard  Electric  Company, 
Mount  Vernon,  New  York,  announces 
the  development  of  controlled  rectifiers 
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to  supply  a  d-c  output  from  a  com¬ 
mercially  constant,  single  phase,  110 
volt  a-c  line.  The  output  voltage  regu¬ 
lation  is  plus  or  minus  2  per  cent  from 
approximately  one-tenth  to  full  load. 
On  all  sizes  that  cover  a  range  from 
30  watts  to  250  watts,  the  efficiency  is 
better  than  50  per  cent  and  the  power 
factor  better  than  65  per  cent. 


Converter 

Lepel  High  Frequency  Laboratories, 
Inc.,  39  West  60th  St.,  New  York  City, 
announces  a  new  model  “C-4”  5  kva. 
converter.  This  unit  is  designed  to 
operate  from  a  220  volt,  60  cycle  single 
phase  supply  line.  This  converter  has 
a  frequency  range  from  160  kc.  to 
500  kc.  and  will  supply  a  current  of 
140  amperes  at  316  kc.  through  6  mic¬ 
rohenries.  This  converter  is  of  the 
tungsten  quenched  gap  type  having  a 


variable  frequency,  primary  exciter 
circuit  which  is  tuned  and  coupled  to 
a  low  loss  tank  circuit.  Its  overall 
dimensions  are  231  in.  front,  251  in. 
deep  and  371  in.  high. 
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WRITE  for  BULLETIN 


on  this  New 

DUAL  DIAPHRAGM 

CRYSTAL  MICROPHONE 

The  DUAL  DIAPHRAGM  is  a  new  prin- 
ciple  of  interior  Crystal  Microphone  construc¬ 
tion,  exclusively  offered  by  Astatic,  which 
gives  you 

#  exceptionally  fine  frequency  response. 

#  a  greatly  reduced  feed-back  tendency. 

#  clear,  sharp  reproduction  under  any  pick-up 
condition  and  is  NON-DIRECTIONAL. 

#  less  interference  from  associated  parts. 


ASTATIC 


A  GRAPHOIL  BIMORPH 
CRYSTAL  is  used  in  the  con- 
scruaioa  of  Model  K-2  under 
license  of  the  Brush  Develop¬ 
ment  Company,  Astatic  patents 
pending.  Ruggedly  construCTed 
and  guaranteed — list  price  S57.)0 
—especially  recommended  for 
broadcast  studios  and  public 
address  systems. 


diaphragm 


M 


ODEL  K-2 


ASTATIC  MICROPHONE  LABORATORY.Inc.YOUNCSTOWN.O. 

jVouTi  Jtlcuiu^ac(u)xX4  JQjuaCit(/  CAi^Atal 


THE  FACILITIES  OF 

ELECTRONIC  LABORATORIES 

ARE  AT  YOUR  DISPOSAL 

A  LL  the  vast  experience  gained  by 
Elerlronic  engineers  in  years  of  de¬ 
signing  and  manufacturing  6,  12,  32  and 
110  volt  power  units  is  at  your  service — 
without  cost  or  obligation — for  helping 
you  solve  your  own  special  power  sup¬ 
ply  problems,  will  be  glad  to  recom¬ 
mend  the  unit  best  suited  to  your  needs, 
or  if  necessary  design  and  build  a  spe¬ 
cial  power  supply  unit  to  meet  your  ex¬ 
act  requirements,  if  you  merely  send  us 
specifications  and  complete  details  as  to 
the  use  to  which  the  unit  is  to  be  put. 

Write  or  wire  for  further  information 
about  this  special  Electronic  engineer¬ 
ing  service. 

ELECTRONIC  LABORATORIES,  Inc. 

Indianapolis,  Ind. 


INSTANTANEm 

RECORDERS 


Accurately  engineered  for  maximum  utility.  _  The 
compact  portability  plus  high  fidelity  characteristics  of 
the  Presto  Recorder,  make  it  an  asset  to  the  finest 
studio. 

The  flexibility  of  the  machine  combined  with  its  com- 

Eactness  (one  man  can  carry  it),  permit  the  use  of  the 
ecorder  in  the  most  difficult  positions. 


/COMPACT, 


P  O  P  TA  a  LC 


On.  plug  to  attach  to  the  power 
supply,  on.  flip  of  th.  switch 
and  the  Reorder  is  ready  for 
operation.  Another  flip  of  the 
seme  switch  and  the  recorded 
material  can  be  promptly  played 
back. 

Although  comparatively  in¬ 
expensive,  the  replacement  of 
expensive  installations  by  the 
Presto  Recorder,  and  elimina¬ 
tion  of  duplicating  apparatus 
will  quickly  amortize  the  initial 
investment. 


RECORDING  EQUIPMENT  IN  ITS 
MOST  CONVENIENT  FORM 


PRESTO  GREEN  SEAL  DISCS 

For  maximum  results  use  Presto  Green  Seal  Discs.  Adaptable 
to  any  machine,  the  Green  Seal  Disc,  chemically  coated  on 
an  aluminum  base,  has  been  acclaimed  as  the  finest  develop¬ 
ment  in  the  transcription  field.  Try  one,  on  the  very  next  job! 
Its  oubtanding  performance  will  prove  the  Disc's  worthiness. 
Super-sensitive  surface  of  discs  is  protected  against  climatic 
conditions,  by  airtight  metal  shipping  container.  Discs  are  kept 
indefinitely  fresh — ready  for  recording  at  any  time.  Packed  in 
quantities  of  twenty-five. 

All  Pretto  equipment  unconditionally  guaranteed.  It  apparatu* 
doet  not  meet  with  your  expectation*  return  within  30  day*  and 
money  will  immediately  be  refunded. 

EVERYTHING  FOR  RECORDING  FROM  A  NEEDLE  TO  A  COM¬ 
PLETE  STUDIO  INSTALLATION. 
ralifornU  T>l«trlhutnr 

Norman  B.  Neely.  16Stf  No.  Serrano  Street,  1<03  Angeles,  Calif. 


RECORDING  CORPORATION 
139  West  19th  Street,  New  York,  N.  Y.  , 
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Low  Capacity 
Electrostatic  Voltmeter 

Sensitive  Research  Instrument  Cor¬ 
poration,  4545  Bronx  Boulevard,  New 
York  City,  has  an  improved  low  capacity 
electrostatic  voltmeter.  Its  new  de¬ 
sign  magnetic  damping  of  the  pointer 


makes  a  shorter  period,  faster  reading 
instrument.  This  design  is  available 
in  full  scale  voltages  from  30  volts  to 
40,000  volts  (accuracy  VA)  in  single, 
double  or  triple  ranges. 


New  Battery  Pentode 

Hygrade  Sylvania  Corporation,  500 
Fifth  Avenue,  New  York  City,  an¬ 
nounces  a  battery  type  pentode.  Type 
1F4,  for  use  as  a  power  pentode  in 
battery  type  sets. 

Ef  2  volts;  If  120  ma.;  Ip  8  ma.;  I.g 
2.6  ma.  m340;  Rp  200,000  ohms;  gm  1700 
micromhos;  R,,  (load  resistance)  16,000 
ohms.  Base  same  as  type  33.  ST-12 

glass  bulb.  With  3.5  volts  r-m-s  signal 
on  the  grid  will  deliver  340  mw.  with 
5  per  cent  distortion. 


Anti-Friction 
Molding  Material 

A  new  friction  resistant  material,  a 
new  Durez  development  called  1564,  is 
offered  by  General  Plastics,  Inc.,  North 
Tonawanda,  N.  Y.  This  contains  10% 
graphite  and  has  an  impact  strength 
of  roughly  40%  greater  than  ordinary 
materials.  One  of  its  most  interesting 
features  is  the  small  bumper  shoe 
which  bears  against  the  metal  wedge 
on  the  new  motor  car  doors,  supporting 
them  and  preventing  rattling. 


Sound  Cell  Microphone 

Model  BQS,  a  low  priced  microphone 
made  available  by  the  Brush  Develop¬ 
ment  Co.,  Cleveland,  Ohio,  with  an 
output  level  of  minus  66  db.  This  line 
of  microphones  is  small  in  size,  light 
in  weight  and  sufficiently  rugged  in 
construction  to  be  impervious  to  severe 
changes  in  atmospheric  conditions  or 


to  mechanical  stop  or  wind  pressures. 
These  microphones  are  designed  to 
operate  directly  into  the  grid  of  the 
first  tube,  thus  eliminating  the  use  of 
input  transformers  and  pick-up  hum. 


Field  Strength 
Indicator 

FIELD  STRENGTH  METER  for  use  be¬ 
tween  30  and  45  megacycles  has  been 
designed  by  Doolittle  &  Falknor,  Inc., 
7421  South  Loomis  Blvd.,  Chicago,  Ill. 
This  can  be  supplied  for  any  specified 
frequency  from  1  to  100  megacycles 
with  no  increase  in  cost.  The  sensitiv¬ 
ity  of  the  instrument  may  be  changed 
by  changing  the  length  of  the  antenna. 
Power  is  supplied  by  one  No.  6  dry 


cell,  mounted  inside.  This  instrument 
is  particularly  useful  in  adjusting  or 
routine  testing  of  transmitters  in  po¬ 
lice  cars.  A  jack  permits  the  insertion 
of  headphones  in  order  to  check  the 
quality  of  modulation  of  the  trans¬ 
mitter.  The  meter  indicates  carrier 
shift  and  in  this  way  it  may  be  used 
as  an  overmodulation  indicator.  It  sells 
at  $35  f.o.b.  Chicago  complete  with  tube 
and  battery. 


Pick-ups 

Audak  Company,  500  5th  Ave.,  New 
York  City  announces  a  high  range  pro¬ 
fessional  electro-chromatic  pick-up  used 
in  radio  stations.  The  arm  is  of 
special  length  to  accommodate  records 
up  to  18  in.  in  diameter,  and  is  counter¬ 
balanced  by  dead  weight.  The  arm  is 
made  of  sjiecial  heavy  gage  aluminum. 

This  instrument  is  designed  for  use 
with  higher  range  recordings.  It 
works  with  low  needle  pressure.  It  is 
immune  to  humidity  and  temperature 
changes. 


New  Tubes 

.4RCTURUS  Radio  Tube  Company,  720 
F'relinghuysen  Avenue,  Newark,  New 
Jersey,  has  added  three  tubt>s  to  its 
“Coronet”  line.  Type  6N7  is  a  Class 
“B”  complete  output  tube.  It  can,  in 


addition,  be  used  in  the  driver  stage 
as  a  Class  “A”  amplifier  for  driving 
the  input  circuit  of  a  6N7  operating  as 
a  Class  “B”  amplifier.  The  25A6  is  a  25.0 
volt  output  tube,  identical  to  the  type 
43,  and  is  for  use  in  ac-dc  receivers. 
The  25Z6,  identical  in  characteristics 
to  the  25Z5,  is  a  25.0  volt  full-wave 
rectifier  for  ac-dc  operation. 

Hygrade  Sylvania  Corporation,  500 
Fifth  Avenue,  New  York  City,  an¬ 
nounces  the  addition  of  type  25.46  and 
25Z6  to  their  metal  tube  line. 
Raytheon  Productio.n  Company,  30 
East  42nd  Street,  New  York  City,  has 
announced  the  addition  to  their  line  of 
all-metal  tubes  the  6R7,  corresponding 
to  the  glass  ty{)e  85.  It  has  a  plate  re¬ 
sistance  of  8,500  ohms,  permitting  the 
use  of  a  transformer  coupling  to  a 
high  quality  output  stage.  Its  power 
output  is  280  milliwatts;  its  dimen¬ 
sions  and  base  connections  are  equiva¬ 
lent  to  the  6Q7 ;  it  is  especially  useful 
in  high-fidelity  receivers. 


Portable 
Audio  Oscillator 

A  NEW,  COMPACT,  portable  beat-note 
audio  oscillator  is  announced  by  the 
Clough  Brengle  Co.,  1134  W.  Austin 
Ave.,  Chicago,  Ill.  This  oscillator  listed 
as  model  79  is  variable  from  0  to 
10,000  cycles  per  second  and  the  output 
voltage  is  uniform  within  2  db.,  from 
50  to  10,000  cycles  output  potential  of 


27  volts  is  developed  at  5,000  ohms 
impedance,  sufficient  for  direct  cou¬ 
pling  to  tube  grids.  The  model  79  is 
operated  directly  from  a  110-volt,  60- 
cycle  power  line.  The  net  price  com¬ 
plete  with  tubes  is  $51.90. 
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1  here  must  be  a  reason 
for  the  popularity  of 


FEATURES 


fitting  companion 
to  the  well-known 
and  widely-used 
magnetic  type  .  .  . 


Lower  scratch  and  dis¬ 
tortion  level. 


#When  the  Webster  Magnetic  Type 
Pick-up  was  introduced  to  the  field,  its 
performance  characteristics  met  the 
approval  of  the  most  critical. 

The  new  Webster  Crystal  Pick-up  is 
destined  to  receive  the  same  enthusi¬ 
astic  approval. 

For  this  new  pick-up  embodies  the 
precise  design,  the  engineering  skill 
and  the  careful  craftsmanship  so  es¬ 
sential  to  fine  performance  in  sound 
reproduction  apparatus. 

The  Webster  engineers  have  applied 
a  new  adaption  of  theory  in  the  design 
of  this  new  pick-up  which  provides 
the  very  ultimate  in  high  frequency 
response  with  a  minimum  of  needle 
noise. 

The  Webster  Crystal  Pick-up  has 
many  design  features — some  of  which 
are  listed  to  the  right.  It  is  available  for 
'.ise  with  both  standard  and  16 -inch 
records  in  both  standard  and  high 
‘idelity  response. 

Literature  which  describes  it  in  de¬ 
tail  will  be  mailed  you  upon  request. 

Licensed  under  patents  of 
Brush  Development  Company 

VEBSTER  ELECTRIC  COMPANY 

Eatabliahed  1909 

iACINE  .  .  .  WISCONSIN,  U.  S.  A. 

Eapori  Office 

IS  Laight  St.,  N*w  York  City 

^y^hereverSouiid'^Mnst  Fill  Great  Spt 


Low  mechanical 
needle  point  impe¬ 
dance. 


AinerTran  Cla.ss 
"B”  Output  Trans¬ 
former  for  -1-65  dB 
level. 


Chatter  Proof  —  wear- 
resiating  mechanical 
construction. 


ITHOLT 


fear  of  contradiction, 
.\inerTran  is  proud  to  claim  that  it  has 
furnished  a  large  majority  of  all  class 
“B”  modulation  sets  used  in  the  larger 
.American  broadcast  stations.  Such 
e(|uipmetit  has  been  supplied  to  all  sizes 
of  stations  from  100  watts  to  500  kilo¬ 
watts. 

The  successful  results  obtained  with 
AinerTran  equipment  explain  its  great 
popularity.  Actual  tests  on  these  trans¬ 
formers  show  an  insertion  loss  of  less 
than  1  dB  and  frequency  characteris¬ 
tics  uniform  within  ±1  dB  from  30  to 
16,000  cycles. 

May  we  send  engineering  details  on  a 
modulation  set  to  meet  vour  needs? 


Mould«d-in  ictew  ter¬ 
minals —  no  soldering 
required.  (Avoids  pos¬ 
sible  damage  to  crys¬ 
tal  from  heat.) 


Double  sealed  against 
moisture. 


Built-in  volume  con' 
trol  (or  without). 


Compensated  frequen¬ 
cy  reaponse  (standard 
or  high  fidelity). 


Range  of  voltage  out¬ 
put  up  to  1 .5  V.  at  1000 
cyclea. 


AMERICAN  TRANSFORMER  CO. 

Transformer  builders  for  over  34  years 

180  EMMET  ST.,  NEWARK,  N.  J.,  U.  S.  A. 


AMEIITRAN 

TRAIVSFORMERS 
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Ribbon  Microphone 
and  Casing 

A  RIBBON  MICROPHONE  housed  in  a  new 
style  futuristic  black  enamel  and 
chrome  polished  casing  has  been  de¬ 
veloped  by  the  Universal  Microphone 
Company,  Inglewood,  Calif.  This  com¬ 
pact  microphone  weighs  li  lb.  with 
dimensions  of  23  x  43  and  1  in.  in 
thickness.  This  new  line  has  been  de¬ 
signed  for  all-round  radio  use  includ¬ 
ing  broadcast  studios,  remote  control 
points,  public  address  work  and  other 
purposes  in  the  field.  The  case  can  be 
hinged  on  swivel  joints  for  greater  ease 
in  handling.  This  microphone  lists  at 
$22.50  plus  the  plugs. 


Transmission  Cable 

Arthur  H.  Lynch,  Inc.,  227  Fulton 
Street,  New  York  City,  announces  the 
improved  Giant-Killer  Cable,  for  use 
either  in  receiving  or  transmitting. 
This  cable  has  a  rugged  outside  wall 
which  may  be  easily  rolled  back  to 
expose  the  Laytex  covering.  This 
Laytex  covering,  in  turn,  is  so  elastic 
as  to  permit  its  being  rolled  back  and 
replaced  after  the  two  conductors  are 
soldered.  This  twin  conductor  has  a 
surge  impedance  of  approximately  70 
ohms,  which  matches  the  impedance  of 
any  half-wave  antenna. 


Universal  Bridge 

RCA  Manufacturing  Company,  Parts 
Division,  Camden,  New  Jersey,  adds  to 
its  line  of  test  equipment  a  variable 
ratio  arm  a-c  wheatstone  bridge  that 
will  measure  inductance  from  100  mh. 
to  10  henries,  capacity  10  mmf.  to  10 
mf.  and  resistance  from  1  ohm  to  1 
megohm  with  an  accuracy  of  five  per 
cent  at  full  scale.  It  is  adapted  for 
service  engineers,  experimenters,  labo¬ 
ratory  workers  and  manufacturers. 


Portable  Public 
Address  System 

A  PUBLIC  ADDRESS  system  specially  de¬ 
signed  for  lecturers,  salesmen,  political 
talkers  and  others  requiring  musical 
interludes  between  speeches,  is  offered 
by  the  Lafayette  Radio  Mfg.  Co.,  Inc., 
100  Sixth  Ave.,  New  York  City.  The 
phonograph  turntable,  amplifier  and 
mixing  panel  for  control  are  included 
in  a  single  fabrikoid  covered  carrying 
case.  The  dynamic  loud  speakers  are 
contained  in  a  separate  case.  Model 
530-P  uses  a  12-watt  amplifier  and  is 
adapted  for  use  with  crystal  micro¬ 
phones.  Lists  at  $57.50,  less  speakers, 
tubes  and  mike.  Model  531-P,  employ¬ 
ing  a  16-watt,  lists  at  $69.50,  less 
speaker,  tubes  and  mike.  The  two  dif¬ 
ferent  grades  of  speakers  available  are 
listed  at  $35.70  and  $44.00  respectively. 

•  •  • 

Literature 

The  following  catalogs  and  manu¬ 
facturers’  bulletins  have  recently 
been  received: 

Power  Equipment.  A  new  catalog 
section  to  be  included  in  the  larger 
loose-leaf  binder  of  the  American  Auto¬ 
matic  Electric  Sales  Co.  has  just  been 
released.  This  section  deals  with 
power  equipment  for  small  communi¬ 
cation  systems  and  contains  descrip¬ 
tions  and  illustrations  of  their  battery 
eliminators,  direct  current  charging 
units,  full  wave  rectifiers,  converters 
and  kindred  products. 


♦  Tachometers.  A  catalog  issued  by  the 
James  G.  Biddle  Co.,  of  Philadelphia, 
with  complete  descriptions,  uses  and 
advantages,  and  prices  of  their  line  of 
speed  indicators. 

Radio  and  Sound  Equipment.  A  com¬ 
plete  listing  and  description  of  the 
radio  parts  and  accessories  offered  by 
the  Federated  Purchaser,  Inc.,  with 
offices  in  New  York  City,  Chicago  and 
Atlanta,  Ga. 

•♦■Collins  Signal.  The  December  issue 
of  the  Collins  Radio  Company’s  house 
organ  with  an  article  on  Multiband 
Antenna  for  High  Frequencies  and  the 
calculation  and  measurement  of  trans¬ 
mission  line  loss,  the  latter  illustrated 
with  a  page  of  helpful  charts. 

■♦■  Tube  Testers.  A  booklet  on  the 
evolution  of  tube  testers  is  offered  to 
the  industry  by  the  Supreme  Instru¬ 
ment  Corp.,  of  Greenwood,  Miss.,  manu¬ 
facturers  of  radio  test  instruments. 
This  is  a  booklet  of  technical  data  on 
various  types  of  tube  testing  circuits 
and  is  supplemented  by  a  number  of 
diagrams,  and  takes  the  reader  through 
many  of  the  problems  of  research  in 
early  laboratory  stages. 

•♦  Plastic  News.  The  newest  member  of 
the  Durez  family  of  publications  is 
Durez  Plastics  News,  carrying  de¬ 
scriptive  material  on  the  subject  of 
plastics  and  photographs  of  its  varied 
applications.  Published  by  General 
Plastics,  Inc,,  North  Tonawanda,  N.  Y. 

•♦•Tantalum.  A  48-page  book  of  tech¬ 
nical  information  about  Tantalum  and 
its  uses,  issued  by  the  Fansteel  Metal¬ 
lurgical  Corp.,  of  North  Chicago,  Ill. 
Copies  of  this  book  will  be  supplied 
without  charge  upon  application  to  the 
manufacturers. 

•♦•  Condensers.  A  catalog  describing  and 
illustrating  available  Cornell-Dubilier 
condensers  and  condenser  replace¬ 
ments.  Issued  by  the  Cornell-Dubilier 
Corp.,  4377  Bronx  Blvd.,  New  York 
City. 

■♦■  Disc  Recording.  “Advanced  Disc 
Recording”  published  by  the  Universal 
Microphone  Co.,  Ltd.,  Inglewood,  Calif. 
A  small  booklet,  priced  at  10  cents  a 
copy,  giving  a  complete  theory  of  the 
art  of  disc  recording. 

■♦■  Inco.  The  recent  edition  of  the  In¬ 
ternational  Nickel  Company’s  maga¬ 
zine  with  articles  dealing  with  the  aj'- 
plication  of  nickel  and  nickel  alloys  in 
their  various  forms.  Publication 
offices  67  Wall  St.,  New  York  City. 

•♦  Meter.  A  descriptive  booklet  from 
the  Hoyt  Electrical  Instrument  Work  , 
playing  up  the  unusual  design  of  the.r 
new  square  meter,  with  the  angul;  f 
scale  (described  in  January  Electronic  ) 
permitting  greater  readability  of  the 
sub-divisions  because  of  its  anguh  r 
scale. 
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RULES  OF  CONTEST 

KIKST  I’KIZE  $100. 

FIVE  atlilitiunal  prizes  of  $5  eaeh. 

.An.voiic  in  tlip  radio-nuiHio  field  may  eonip«*te. 

emiiloyees  of  AL’DAK  CO.  and  its  adver- 
tiKinir  aireiiey. 

You  need  not  bii.v  anythinir  to  compete. 

No  more  than  tlirw  names  may  b»*  submitted  by 
one  contestant. 

If  '!>rize-winninir  name  is  submitteil  by  more  than 
one  entrant,  the  full  amount  as  stateil  above 
I  nmII  lx-  awardixi  to  eaeh. 

I  Ut'e'.sion  of  the  judircs  will  lie  final. 


CONTEST  CLOSES  APRIL  15th,  1936 

.\nnouneenicnt  of  winners  will  !«•  maile  as  soon 
as  feasible  after  that  date. 

THE  JUDGES 

lulwm  K,  Cohan,  Diretfor  of  Fn^inet-rinj;.  (Columbia 
Hroadcastlnj;  System. 

Keith  Henney,  Editor  tif  lilectromcs.  " 

().  H.  C.aldwell,  Editor  "Radio  Today”  and  formerly 
Federal  Radio  Commissioner. 

ABOUT  THE  PRODUCT 

Its  underlying  principle  is  the  same  as  that  of  the 
magnetic  cutter  employed  in  the  new  higher  fidelity 
rectirdings. 

Moving  mass,  the  one  factor  which  has  prevented 
perfect  pick-up  performance,  has  at  last  been  elimi¬ 
nated. 

Thanks  to  a  highly  ingenious  new  system,  the  vibrat¬ 
ing  armature,  heretofore  the  obstacle  to  WIDE 
RANCiE,  is  STATIONARY  in  this  new  Audak. 
There  being  virtually  no  moving  mass,  damping  has 
been  rendered  unnecessary. 

Any  giHid  service  man  can  handle  its  mechanism  with 
facility. 

Consistent  performance — regardless  of  heat,  humidity 
or  amplitude  variations. 


Hare  you  the  complete  AVDAX 
catalogue  of  models  listing  from 

^0.50  in  IICIOO.OO 


ACDAX 


pick-ups... 

■THE  STANDARD  BY  WHICH  OTHERS  ARE  JUDGED  AND  VALUED" 


annniinc‘et«  a  revoluliAmary  n<*H  system 
liased  upon  a  radically  different  prin¬ 
ciple  .  .  .  and  invites  friends  in  the 
trade  to  name  it. 


indeed,  is  the  pace  of  progress  in  the 
Radio-Music  industry.  Methods  ancl  equipment  that 
were  standard  yesterday  are  obsolescent  today  .  .  . 
because  Radio  and  Electrical  Reproduction  are  t\\'o 
lusty  young  striplings  blessed  with  growing  pains 
and  constantly  vieing  with  each  other  for  the  techni¬ 
cal  upper  hand. 

Recent  strides  toward  high  fidelity  in  amplifiers 
and  speakers  have  brought  us  to  new  heights  of 
tonal  realism.  Also,  recording  has  improved  so 
vastly  that  the  present  standards  of  pick-up  per¬ 
formance,  satisfactory  though  they  are,  must  now'  be 
completely  revamped  and  stepped  up  to  accommo¬ 
date  the  new  demands. 

This  is  a  job  that  calls  for  leadership,  initiative, 
engineering  skill  ...  a  job  such  as  AUDAX,  re¬ 
peatedly  in  the  past,  has  performed  to  the  delight 
of  the  industry  .  .  .  and  performs  again  today. 
Pioneers  in  electro-acoustical  development,  we  have 
successfully  brought  to  the  fore  each  significant  im¬ 
provement  in  sound  reproduction,  so  it  is  but  natural 
that  you  should  expect  news  like  this  to  emanate 
from  AUDAX. 

With  this  remarkable  development  the  problem 
of  real  high  fidelity  transcription  performance  is 
dehnitely  solved. 

It  18  the  one  system  whieh  aceuralely  interprets 
the  exeellenee  of  today's  superh  recordings. 


AUDAK  COMPANY 

500-E  Fifth  Avenue«  New  York 

^'Creators  of  High  Grade  Electrical  and  Acoustical  Apparatus  Since  1915” 
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PATENTS  REVIEW 


ATENTS  indicate  trends.  Next  year’s  radio  circuits, 
^  applications  of  electron  tubes  for  non-communication 
purposes,  new  tube  types,  new  materials,  may  be  discovered 
by  following  United  States  and  British  inventions. 


Electron  Tube  Applications 

Tube  control.  The  following:  patents 
have  been  assigned  to  the  G.E.  Co.: 
No.  2,021,766,  M.  E.  Bivens,  electronic 
timer.  No.  2,021,760,  W.  R.  Whitney, 
moisture  indicator.  No.  2,023,217, 
scanning  apparatus,  F.  A.  Benford. 
No.  2,023,343,  a  control  system  for 
performing  operations  on  a  moving 
strip  of  material;  T.  R.  Rhea  and  L.  A. 
Umansky.  No.  2,023,228,  magnetic  flux 


2021760 


generation  and  magnetic  testing;  P.  C. 
Hermann.  Nos.  2,025,083  and  2,025,584 
to  A.  S.  FitzGerald;  a  regulating  sys¬ 
tem  including  a  direct  current  circuit 
for  controlling  an  electrical  character¬ 
istic  of  an  alternating  current  circuit. 
No.  2,027,140,  a  torque  amplifying 
system  to  E.  F.  W.  Alexanderson.  No. 
2,019,352  to  O.  W.  Livingston,  and 
2,027,209  to  F.  M.  Starr  on  control  of 
electric  circuits. 

Magnetic  amplifier.  Patent  Nos. 
2,027,311  and  2,027,312  to  A.  S.  Fitz¬ 


Gerald,  Wynnewood,  Pa.  See  also 
2  026,124  to  FitzGerald  on  automatic 
regulating  system. 

Crystal  grinding.  A  tube  method  for 
automatically  grinding  crystals.  M.  E. 
Strieby,  B.T.L.,  Inc.  No.  2,023,494. 


Size  determination.  Combination  of 
a  cutting  tool,  means  for  holding  the 
workpiece,  a  glow  tube  for  energizing 
an  electromagnet  adapted  to  bring 
about  the  separation  of  the  tool  in  the 
workpiece.  H.  L.  Blood,  Heald  Machine 
Co.,  Worcester,  Mass.  No.  2,023,662. 

Biasing  circuits.  No.  2,024,152  to 
G.  R.  Eaton;  2,024,181  to  J.  H.  Philips. 
No.  2,024,139  to  H.  M.  Armstrong, 
Kellogg  S.&S.  Co. 

Power  control.  The  following  patents 
have  been  assigned  to  Cutler-Hammer, 
Inc.,  Milwaukee:  No.  2,024,542,  Arthur 
Simon,  a  timing  device.  No.  2,025,911, 
Carroll  Stansbury,  an  inverter  c  rcuit. 
No.  2,024,838,  C.  Stansbury,  an  electri¬ 
cal  control  circuit. 


Relay  circuits.  The  following  patents 
have  been  assigned  to  Westinghouse 
E&M  Co.:  No.  2,027,239  to  T.  H.  Long 


on  a  grid-glow  position  relay  combina¬ 
tion.  No.  2,020,917  to  P.  E.  Stogoff  on 
a  photo-sensitive  relay.  No.  2,027,253, 
a  flasher  circuit  to  W.  W.  Viebahn. 
Impedance  relay.  No.  2,027,226,  to 
S.  L.  Goldsborough.  Reissue  No. 
19,807  to  F.  H.  Gulliksen,  a  regulator 
compensator  for  a  dynamo-electric 
machine.  See  also  No.  2,023,084  to 
J.  F.  Kovalsky,  a  regulating  system, 
and  No.  2,021,888,  J.  W.  Dawson.  No. 
2,023,106  to  S.  A.  Staege,  a  regulator 
for  controlling  the  consistency  of  ma¬ 
terial  by  controlling  the  amount  of 
liquid  added.  No.  2,024,708  to  S.  A. 
Staege,  electron  tube  type  tension 
regulator. 

Generator  control.  Network  of  in¬ 
ductances,  resistances,  etc.,  between  a 
generator  and  a  cathode  of  a  control 
tube  to  give  a  predetermined  regulat¬ 
ing  characteristic  for  all  magnitudes 
of  current  and  power  factor.  L.  C. 
Verman  and  L.  A.  Richards,  RCA. 
No.  2,021,161. 

Thermostat.  An  oscillating  circuit 
whose  natural  frequency  varies  with 
the  temperature.  H.  Muth,  Telefunken. 


Company,  Berlin,  Germany.  No. 
2,027,19:L 

Transmission  system.  Method  of 
transmitting  power  by  means  of  direct 
current  at  abnormally  high  voltages. 
R.  J.  V’an  de  Graaff,  Research  Corp., 
New  York.  No.  2,024,957. 

Control  circuit.  A  transformer  su]'- 
plying  control  voltage  to  the  grid  of  a 
grid  controlled  gaseous  rectifier. 
means  is  supplied  for  dissipating  the 
voltage  induced  in  the  transformer  by 
the  cessation  of  the  gaseous  discharge. 
D.  V.  Edwards,  Electrons,  Inc.  No. 
2,021,482. 

Relay.  Circuit  using  a  pair  of  glow 
discharge  devices  connected  in  series,  a 
variable  impedance  in  shunt  to  one  <tf 
the  dev'ices,  etc.  H.  C.  Thompson,  G.K. 
Co.  No.  2,021,034. 

Power  conversion.  Tube  apparatus 
for  transmitting  energy  from  a  d-c 
supply  circuit  to  an  a-c  loml.  W.  Peter¬ 
sen,  (i.E.  Co.  No.  2,026,358. 

Current  regulator.  A  multi-phase 
system  by  which  current  variations  in 
the  load  circuit  are  ^translated  into 
mechanical  motion  whereby  tbe  current 
to  the  load  is  restored  to  normal.  II.  K. 
Young,  Chicago,  111.  No.  2,021,216. 

Corrosion  preventive.  Method  for 
automatically  compensating  for  cor¬ 
roding  currents  varying  fortuitously  in 
magnitude  and  polarity  by  grid  con¬ 
trolled  space  discharge  tubes.  H.  S. 
Polin,  Polin,  Inc.,  New  York,  N.  Y.  No. 
2,021,519. 

Titration  apparatus.  Apparatus  for 
cariying  out  electrometric  analyses  by 
using  a  calomel,  a  silver,  and  platinum 
electro<le.  Udo  Flhrhardt.  I.G.F..4.,  Ger¬ 
many.  No.  2,024,819. 


Vacuum  tube  voltmeter.  A  Wheat¬ 
stone  bridge  type  of  circuit  using  a 


four  element  tube.  No.  2,027,195  to 
T.  D.  Parkin,  RCA. 


Contour  control.  Machine  for  reoro- 
ducing  a  pattern  contour  on  a  work- 
blank  in  which  control  is  elfectec!  by 
a  light  sensitive  relay  in  combination 
with  a  vacuum  tube  amplifier.  E  D. 
Lilja,  Rockford,  Ill.  No.  2,025,062. 
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KAY- 


.■1  hove 

FORD  1935-1936 

LINCOLN-ZEPHYR  1936 

Ri^ht 

PLYMOUTH  1936 

Relow 

CHEVROLET  1936 


NEW  Universal  CUSTOM  INSTRUMENT- 
PANEL  REMOTE  CONTROL  UNIT 

One  KAY  CONTROL  HEAD  fits  ell  1935-1936  Cats 

KAY  CONTROLS  will  increase  your  sales  oF  auto-radio  receivers 

niSriSCTIVE  KAY  features: 

•  Takes  “gamble”  out  of  your  cost  of  remote 
controls. 

•  No  need  to  tie  up  sets  labeled  for  specific 


M  ANUFACTURERS: 

\X'rite  at  once  for  com¬ 
plete  details  on  KAY 
Remote  Controls  _  and 
Escutcheons.  F.tjuipped 
to  efficiently  handle 
special  /obs  —  may  ue 
quote  on  your  specifica¬ 
tions? 


•  Handsome  “wrist-watch”  design. 

•  Airplane  dial — perfect  tuning. 

•  New  INDIRECT  pilot  lighting. 

•  Escutcheons  match  every  car. 

•  (Chromium  knobs  match  interiors. 

•  Easy  to  install  in  older  cars. 

•  Steering  post  and  under  dash  fittings  also 
available. 

Kay  Products  of  America,  Inc. 

562  DE'  KALB  AVE.  BROOKLYN,  N.  Y. 
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Light  control.  A  light  collecting  and 
contributing  system  employing  hollow 
conical  shaped  collectors,  reflectors,  etc. 
A.  M.  Nicholson,  Communication  Pat¬ 
ents,  Inc.  No.  2,022,144. 

Electrical  musical  instrument.  Three 
patents  assigned  to  Miessner  Inven¬ 
tions,  Inc.  No.  2,027,073  to  O.  Vierling. 
No.  2,027,074  to  B.  F.  Miessner,  and 
No.  2,027,075  to  C.  T.  Jacobs,  Milburn, 
New  Jersey. 


Control  system.  Arthur  Pfister, 
RCA.  No.  2,027,196. 

Displacement  measurement.  Vacuum 
tube  oscillator,  a  double  condenser,  a 
body  capable  of  displacement  and  con¬ 
nected  with  the  condensers  so  as  to 
change  their  capacity  simultaneously 
and  oppositely  due  to  the  displacement. 
L.  W.  Blau,  A.  B.  Bryan  and  \V.  D. 
Mounce,  Standard  Oil  Development  Co. 
No.  2,025,719. 


Radio  Receivers 


A.v.c.  circuits.  No.  2,025,019  to 
F.  M.  G.  Murphy,  to  RCA.  L.  M. 
Perkins,  No.  2,026,357  to  RCA,  and 
No.  2,017,977  to  H.  Ladner  to  A.T.&T. 
Co.  No.  2,022,478  to  H.  O.  Peterson, 
RCA. 

Automatic  program  indicator.  A 
movable  printed  sheet,  a  sight  window, 
clockwork  apparatus,  etc.  E.  A.  Zadig, 
New  York,  N.  Y.  No.  2,024,195. 

Input  circuit.  Three  series  resonance 
type  tuned  circuits  conductively  coupled 
in  parallel  as  a  pre-tuning  system  as 
a  means  of  getting  10  kilocycle  tuning. 
J.  L.  Adams,  Jr.,  Youngstowm,  Ohio 
No.  2,024,902. 


Tone  control.  A  series  connected  re¬ 
sistance  and  condenser,  the  resistance 
being  variable  as  an  interstiige  cou 
pling  device.  L.  F.  Curtis,  United 
American  Bosch  Corp.  No.  2,026,495. 

Superheterodyne  receiver.  No.  2,022,- 
447,  A.  M.  Wengel,  Madison,  W’is. 
No.  2,022,085,  J.  K.  Johnson,  Hazeltine 
Corp.  No.  2,022,068,  H.  A.  Wheeler, 
Hazeltine  Corp.  Reissue,  No.  19,765, 
D.  E.  Harnett,  Hazeltine  Corp.  No. 
2,024,017,  H.  A.  Wheeler,  Hazeltine 
Corp.  No.  2,024,807,  J.  D.  Reid,  RCA. 
No.  2,024,614,  C.  B.  Terry,  RCA.  No. 
2,020,832,  David  Grimes,  RCA.  No. 
2,026,759,  A.  H.  Turner,  RCA. 


Radio  Receiver  Controls 


Volume  control.  Patents  to  J.  S. 
Starrett,  Nos.  2,023,448  and  2,023,449; 
W.  R.  Koch,  No.  2,021,939;  No.  2,023,458 
to  Jacob  Yolles.  All  assigned  to  RCA 
on  quiet  automatic  volume  control  sys¬ 
tems.  No.  2,026,102  to  A.  Senauke, 
Hazeltine  Corp. 


2023449 


Patent  Suits  j 

1,647,710,  1,647,711,  H.  E.  Nichols,  \ 
Portable  electrocardiograph,  1,8S8,-  I 
139,  same.  Interference  eliminator  for  ! 
electrocardiographs,  filed  Oct.  14,  1935,  ' 

D.  C.,  E.  D.  Mich.,  (Detroit),  Doc.  i 
7260,  //.  fJ.  Nichoh  ct  al.  v.  Sanborn  Co. 

1,682,874,  F.  K.  Vreeland,  Radio 
frequency  amplifier;  1,725,433,  1,850,- 
973,  same.  Band  receiving  system; 
1,730,987,  same,  V'ariable  hand  ampli¬ 
fier;  1,749,930,  same,  Variable  circuit 
element  for  radio  receiving  sets,  D.  C.,  j 
S.  D.  N.  Y.,  Doc.  E  70/228,  Vrerhnul 
Corp.  V.  The  Aeolian  Co.  et  al.  Di.--  j 
missed  for  lack  of  prosecution  (notice  I 
Oct.  8,  1935). 

1,329,283,  1,398,665,  11.  1).  Arncdd; 
1,349,252,  .same;  1,403,475,  .same; 
1,448,550,  same;  1,465,332,  .'-ame; 

1,453,982,  B.  W.  Kendell,  D.  C.  Minn. 
4th  Div.,  Doc.  E  2837,  //.  Dickernian 
V.  IVestcrjj  Electrie  Co.  et  al.  Dis¬ 
missed  for  lack  of  jurisdiction  Oct.  17, 
1935. 

Re.  18,579,  Ballantine  &  Hull;  i 
1,297,188,  I.  Langmuir;  1,573,374,  I’.  .\. 
Chamberlain;  1,618,017,  F.  Lowcn- 
stein;  1,707,617,  1,795,214,  E.  W. 

Kellogg;  1,894,197,  Rice  &  Kellogj;, 
same,  filed  Oct.  25,  1935,  1).  C.,  S.  D. 

N.  Y.,  Doc.  E  81/288,  Radio  Corp.  of 
America  ct  al.  v.  li.  Shaw  {Shaw  Radio 
Co.).  Doc.  E  81/289,  Radio  Corj).  of 
.America  et  al.  v.  //.  <fr  li.  Radio  Corp. 
et  al.  1 

1,755,114,  L.  Hazeltine,  Unicon¬ 
trol  signaling  system;  1,755,115,  same. 
Variable  condenser,  1),  C.,  S.  D.  N.  Y., 
Doc.  E  72/385,  Hazeltine  Corp.  v.  Lang. 
(lAing  Radio  Co.).  Consent  order  of 
discontinuance  (notice  Oct.  28,  1935). 

1,203,190,  C.  E.  Fritts  et  al..  Appa¬ 
ratus  for  recording  and  reproducing 
pul.sations  or  variations  in  sound; 
1,213,614,  -same.  Record  of  pulsations 
of  sound  and  analogous  phenomena  and 
process  and  apparatus  for  producing 
same,  1,223,496,  I.  Langmuir,  Electro¬ 
static  telephone  .system;  1,313,094. 
same.  Sy.stem  for  amplifying  variable 
currents;  1,316,967,  D.  M.  Moore. 
Gaseous  conduction  lamp;  1,756,863. 

C.  A.  Hoxie,  Method  of  making  motion 
picture  films,  D.  C.,  S.  D.  Calif.  (Lo.< 
Angeles),  Doc.  E  Y-6-H,  R.C.A.  Rho- 
tophone,  Inc.,  et  al.  v.  Disney  Film 
Recording  Co.,  Ltd.,  et  al.  Dismissed 
Nov.  1,  1935. 

1,297,188,  I.  Langmuir,  1,639,713, 
A.  F.  Sykes,  Reproduction  of  sound; 
1,885,001,  F.  H.  Olson,  Apparatus  for 
converting  sound  vibrations  into  elec¬ 
trical  variations;  1,897,732,  Olson  & 
Kreuzer,  System  for  the  conver.sion 
and  transfer  of  energry,  filed  Nov.  6, 
1935,  D.  C.,  S.  D.  N.  Y.,  Doc.  E  81  312, 
Radio  Corp.  of  America  et  al.  v.  4  m- 
perite  Corp.  et  al. 

1,266,988,  Pridham  &  Jensen,  Ai  ipli- 
fying  receiver;  1,881,324,  H.  E.  Jet- 
calf,  Signal  reproducer,  D.  C.,  N  P- 
Calif.  (San  Francisco),  Doc.  E  341  7-K. 
The  Magnavox  Co.  v.  Victory  Spea  ers, 
Inc.  Dismissed  for  want  of  prosection 
Nov.  4,  1935. 
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No.  284 

25  watts  normal 
at  5(M)  c.p.s. 

No.  1<>9 

10  watts  normal 
at  .^00  c.p.s. 


announces 


3  New 


No.  15  X  29 

for  Low  Frequency 

Installations 

25  watts  normal 


Claiming  100  per  eent  liitrfier  efficiency  and  un¬ 
usually  uniform  respctiise,  the  Lansing  Manufac¬ 
turing  Co.  offers  its  No.  2S4,  No.  109  and  No. 

1  ^  X  20  moving  coil  type  speakers  to  the  industry, 
confiilent  that  no  other  unit  can  equal  their  all 
arouiul  performance. 

I.iheral  desi^jn  and  careful  workmanship  plus 
more  than  ten  years  of  specialized  experience  in 
speaker  design  and  manufacture  have  combined  to 
make  these  three  units  unquestioned  leaders. 

While  the  No.  15  \  20  and  the  No.  284  are  rateil 
at  only  25  watts  and  the  No.  100  at  10  watts, 
careful  tests  show  that  the  acoustic  output  is 
higher  than  other  units  rated  at  double  their 
capacity. 

H'ritr  for  Jfttiih'J  iif<rn/>tii>ns  and  f>i'rffirinancr  facts. 

LANSlN(i  MANLFACTURINC}  COMPANY 

69(H)  McKinley  .Avenue.  l.OS  ANGF:LKS,  CALIF. 
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III . . 


Improved  Model 

5  K.V.A.  CONVERTER 


V 

Simpler  to  operate 

The  LcpcI  line  of 
Bombarding  Equip¬ 
ment  has  been 
REDESIGNED  and  of¬ 
fers  new  features 
which  achieve  greater 
convenience,  and  a 
higher  conversion 
'  fficiency. 

h  e  s  e  features  in- 
c  ude: 


~  i|le  Knok  Powrr  Control  Oprration 
t  'e  from  rakio  interference. 

I.  wer  (oltafe  from  komkarklnf  Coil  to 
I  inO. 


J  1 


Hi|h  sopoly  line  power  factor. 

A  peneral  increase  in  overall  conversion 
(fflciency. 


Have  yoa  a  proklem  involvint  keatinp  via  hioh  frepaency  inOaction? 
Call  on  oar  enfineers  for  assistance. 

Write  for  kata  ank  complete  details. 

aiir  MNOtirntiuns  Aore  prorrn  proflifthle  to  trading  mijnnfarturrrB. 
Thru  mag  kelp  v«M.  too. 

=—LEPEL— 


Just  Like  a  Tube! 

Ki.m*:  Voi.T.iUi-:  lliiorpi.x; 

It  KfS  l^TOR 

llll•llti^ill  ill  size,  shiipe  ami  finish  to 
iiietiii-tiilie  't.'iZO  reetitier  ami  •i.'s.Vt)  power 
tube.  .Miiiiiits  in  K-prone  urtai  socket.  • 
Ideal  for  those  .\C-I>0  set  chassis.  •  Meets 
I'niterwriters'  requirements  rcKardine  "hot” 
terminals  ami  hiich  leakage  resistance  to 
Rroiind.  •  Keeps  dissipated  heat  above 
chassis.  Kliininates  tire  hazard. 


•  .Available  In  any  total  voltafte  drop  and 
practically  all  pilot  lamp  combina¬ 
tions. 

•  Ballast  action  In  pilot  lamp  resistor 
section.  If  desired. 

•  Coded  and  wired  In  accordance  with 
R.M..\.  proposed  standards. 

9  Standard  types  for  4,  5  and  6  tube  sets. 
Special  types  for  any  needs. 


Send  for  engineering  details  and  sample,  if 
engaged  in  set  designing  and  production.  Sub¬ 
mit  your  resistance  problems  for  our  collaboration. 


I  high  frequency  laboratories  INC.  I 

I  39  West  60th  Street.  New  York.  N.  Y.  | 

I  Cabir  AMrrss;  LEPELSPARK  | 

-iMlIllli  MinMIMlilllllHIIIIIMlinitlllllllllMlllllllllllMMIIHIIIIIinilltlinilllllMMIIIMIIMHIIIIIIIIIIIIIIIItillllllllMMHIIIIIIIIIIIIMIlT 


^CUROSUTi 


CLAROSTAT 

MANUFACTURING  CO..  Inc. 

285-7  N.  SIXTH  ST.  BROOKLYN.  N.  Y. 
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British 

Radio  Cirniils 

Keflex  circuit.  A  superheterodyne 
receiver  with  a  reflexed  panta-prid  con¬ 
verter  which  becomes  a  combined  local 
oscillator,  mixer  and  i-f  amplifier. 
E.  K.  Cole,  N.  426,802. 

Scanning  system.  A  revolving  image 
is  formed  by  means  of  a  rotating  in¬ 
ternally  reflecting  prism.  I.  L.  Maguire, 
Victoria,  Australia.  No.  425,071. 

Tone  control.  In  a  resistance-capacity 
coupled  amplifier  the  frequency  re¬ 
sponse  is  varied  by  the  use  of  an  induc¬ 
tive  coupling  associated  with  the  output 
circuit  and  connected  between  the  grid 
of  the  following  tube  and  its  grid-leak. 
Ferranti,  Ltd.  No.  435,878. 

Direction  finding.  The  direction  of  a 
radio  beacon  station  is  determined  from 
an  elevated  or  free  point  in  space  by 
a  composite  aerial  comprising  a  closed 
loop  and  a  dipole,  the  latter  being 
fixedly  mounted  at  right-angles  to  the 
former  on  a  common  support.  The  pick¬ 
up  from  both  aerials  is  separately  am¬ 
plified,  and  the  two  outputs  are  fed  to 
a  common  indicator.  The  dipole  points 
to  the  beacon  when  the  indicator  shows 
zero  reception,  that  is,  when  both  the 
magnetic  and  electric  lines  of  force  lie 
in  the  plane  of  the  loop.  The  separate 
aerial  voltages  may  be  fed  to  a  com¬ 
mon  amplifier,  providing  one  is  phase- 
displaced  by  90  deg.  Telefunken. 
No.  436,186. 

Antenna  system.  An  aerial  of  the 
type  comprising  two  or  more  elements 
capacity-coupled  in  series,  the  length 
of  at  least  one  of  the  elements  is  less 


than  half  the  working  wavelength.  The 
average  overall  current  is  at  least  0.7 
of  the  maximum  current,  while  the  cur¬ 
rent  at  all  points  of  at  least  one  ele¬ 
ment  exceeds  0.5  and  may  reach  0.9  of 
the  maximum  current.  H.  L.  Kirke, 
London.  No.  436,254. 

Band  selector  system.  In  a  receiver 
having  a  band-selector  comprising  sev¬ 
eral  tuned  circuits  means  are  provided 
to  detune  these  circuits  with  respect 
to  one  another  to  vary  the  band  width 
automatic  volume  control  compensates 
the  variation  in  response.  W.  A.  Mac¬ 
Donald,  Hazeltine  Corp.  No.  436,403. 


Patents 

Variable  selectivity.  The  selectivity 
of  a  receiver  is  varied  inversely  as  the 
received  signal  strength  by  rectifying 
the  received  signal  and  employing  the 
d-c  voltage  so  obtained  (1)  to  vary  in 
opposite  directions  the  tuning  or  (2) 
to  vary  the  degree  of  coupling,  of  two 


or  more  frequency-selective  circuits. 
The  d-c  voltage  may  be  applied  to  the 
grids  of  tubes  the  plate  currents  of 
which  vary  the  degree  of  saturation  of 
the  iron  cores  of  coils  in  the  tuned 
circuits.  R.  A.  Braden,  Marconi  Co. 
No.  436,482. 

Television 

Scanning  system.  The  rapid  com¬ 
ponent  of  scanning  is  given  by  a 
cathode  ray  beam  while  a  rotating 
mirror  provides  the  slower  scanning 
component.  No.  431,827. 

Light-valves.  Optical  valves  such  as 
those  using  the  Kerr  or  Faraday  effects 
have  the  solid  polarizing  and  analyzing 
devices  wholly  immersed  in  a  transpar¬ 
ent  liquid.  G.  W.  Walton,  Soho,  Lon¬ 
don.  No.  431,958.  See  also  No.  432,017 
to  Walton. 

Narrow  band  system.  A  record  of  a 
scene  is  transmitted  at  a  speed  less 
than  that  at  which  it  w’as  produced  so 
that  the  signals  occupy  a  frequency 
band  similar  to  that  normally  used  in 
broadcasting.  The  scene  is  scanned  by 
a  cathode-ray  tube  of  the  Iconoscope 
type,  which  controls  a  Kerr  cell  to 
produce  a  photographic  record.  The 
patent  states  that  the  synchronous  mo¬ 
tors  tying  the  transmitter  and  receiver 
together  are  operated  at  such  a  speed 
that  the  signal  frequency  does  not  ex¬ 
ceed  9,000  cycles.  Automatic  Electric 
Co.,  Liverpool.  No.  432,199. 

Interlaced  scanning.  Where  the  line 
frequency  is  a  whole  number  plus  a 
fraction  times  the  frame  frequency,  the 
line  and  frame  deflecting  saw'tooth 
oscillators  are  controlled  by  oscillations 
derived  from  a  single  oscillator  whose 
frequency  is  a  multiple  of  both  the  line 
and  frame  frequencies.  A.  V.  Bedford, 
Marconi  Co.  No.  434,469.  See  also 
No.  434,496  to  R.  S.  Holmes,  Marcon’ 
Co.,  on  a  system  in  which  synchronizing 


signals  and  picture  signals  are  trans¬ 
mitted  over  the  same  channel,  the  syn¬ 
chronizing  signals  being  of  opposite 
sen.se  to  the  picture  signals,  the  average 
illumination  or  background  brilliancy  is 
controlled  by  means  which  separates 
from  the  combined  signal  that  portion 
which  lies  on  the  same  side  of  the  zero 
line  as  do  the  synchronizing  signals. 

Interleaved  scanning.  .\  televisl.m 
transmitter  employing  interleaved  .scan¬ 
ning  cooperates  with  a  receiver,  adja¬ 
cent  .scanning  lines  at  the  transmitter 
being  sui)erposed  at  the  receiver.  .1.  L. 
Baird.  .No.  434,527. 

Scanning  system.  In  a  cathode-ray 
transmitter  in  which  the  speed  of  scan¬ 
ning  is  varied  while  the  intensity  of  the 
ray  remains  constant,  transmission  is 
effected  by  means  of  frequency  modula¬ 
tion  or  phase  modulation  in  order  that 
fading  may  not  produce  loss  of  syn¬ 
chronism.  I).  S.  Loewe,  Berlin.  .No. 
4,33,295. 

Transmitter  system.  During  inter¬ 
vals  between  the  scanning  of  successive 
lines,  a  carrier  is  modulated  by  signals 
representing  sound,  which  occurs  dur¬ 
ing  the  periods  of  scanning  the  lines. 
A.  V.  Bedford,  Marconi  Co.  No.  434,- 
882.  See  also  No.  434,899,  to  V.  K. 
Zworykin,  Marconi,  in  a  combined 
television  and  telephone  system  where¬ 
in  the  sound  occurring  during  a  rela¬ 
tively  long  period  is  transmitted  <luring 
a  relatively  short  period.  This  inven¬ 


tion  enables  the  time  taken  by  the 
return  of  a  scanning  cathode-ray  to  the 
beginning  of  successive  scatming  lines 
to  be  used  for  sending  accompanying 
sound.  Also  No.  4,34,891  to  H.  Branson, 
Marconi,  on  a  similar  subject. 

Scanning  system.  The  subject  is 
explored  by  perividically  interrupted 
light  generated  by  a  cathode-ray  tube. 
The  interrupting  frequency  is  altove 
100,009  per  second  and  is  used  as  a 
carrier  frequency.  The  photo-ele  trie 
current  is  fed  to  amplifiers  with  a  lower 
cut-off  frequency  so  high  that  thi  in¬ 
terrupting  frequency  and  at  least  one 
modulating  side  band  are  passed  but 
not  lower  frequencies.  The  speed  o'  the 
light  spot  on  the  screen  is  so  related 
to  the  periodicity  of  interruption  b'  the 
high-frequency  oscillator  that  di  ring 
each  active  period  of  the  ray  it  falls 
on  fresh  fluorescent  material.  A  W. 
Vance,  Marconi  Co.  No.  434,9,36. 
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Cornrll-Dikilirr  catacitert  arr  asrk  in  thf  majarity  of  kroakcastinf  stations  thr 
•orlO  o«rr — Proof  that  thry  mast  kr  food! 

Senk  for  Cataloi  No.  127,  krstrikini  in  comolrtr  krtail  the  new  Dykanol  Tytr  TJ 
transmittinf  capacitors.  The  latest  krsriopnirnt  In  the  broaecast  kelp — these 
capacitors  are  winninp  wipe  acclaim  krcaase  of  their  inherent  reliable  characteristics. 


CORNELL-DUBILIER 

CORPORATION 

4380  BRONX  B  O  U  L  E  V  A  R  D  •  N  E  W  YORK 
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REMLER 


PLUGS  — CONNECTORS 


New  List  Prices 


Wall  Rrcrptacle 
Panel  Rcrptacir. 
Cable  Plop 
Cable  Rrcrptacle 
Plop.  Shielprp 


i  Rrcrptacle.  Shielprp  3.50 

I  State  nambrr  of  contacts 
I  iesirep,  2,  3.  4.  5,  6  or  7 


INTERCHAN  GEABLE  INSERTS 
WITH  2  TO  7  CONTACTS 

Durable  .  .  .  accurate  .  .  .  dependable  .  .  .  hundreds  of  these 
attractive  new  type  plugs  and  cable  connectors  used  by  broad¬ 
cast  stations,  sound  recording  studios  and  industrial  engineers. 

Features:  (1)  Cable  grip  eliminates  pull  on  contacts;  (2)  Fe¬ 
male  contact  sleeves  of  hardened  beryllium-copper,  silver 
plated,  assure  positive  contact.  (3)  Knurled  brass  screw-on 
nut  locking  device  prevents  accidental  disengagement  of  con¬ 
nector;  (4)  Metal  shielded  body  for  extra  heavy  duty.  MALE 
AND  FEMALE  UNITS  WITH  2  TO  7  CONTACTS  ARE 
INTERCHANGEABLE.  Receptacles  with  side  openings  for 
cable  run  on  exterior  of  walls  or  with  inch  high  body  for  sur¬ 
face  mounting  and  rear  cable  entry,  or  flush  mounting  for  panel 
or  outlet  box.  Write  for  new  Remler  catalogue  sheets. 

ATTRACTIVE  DISCOUNTS 

REMLER  COMPANY,  Ltd. 


Condensers,  whether  .00005  mfd.  trimmers  or  50,000 
volt  tank  capacitors  are  the  heart  of  the  equipment  they 
are  part  of.  This  fact  is  frequently  ignored  in  the  con¬ 
struction  of  mica  condensers. 

The  slightest  fluctuation  in  the  characteristics  of  the 
mica  dielectric  will  cause  a  rejection  at  the  test  bench. 
Worse  yet,  if  assembled  into  a  transmitter,  receiver,  or 
other  apparatus  more  costly  difficulties  will  ensue.  The 
reputation  of  \our  product  is  dependent  upon  the 
mica  insulation  you  specify  for  your  condensers. 
SI^EC.IFi  BR.d.yi)  MICA  and  assure  yourself  of  absolute 
protection  against  capacity  rejects,  rtdtafge  breakdotens, 
and  customer  dissatisfaction ! 

Brand  India  Ruby  Mica  is  available  in  clear,  clean-edged, 
flexible,  non-scaling,  carefully  micrometered  punchings, 
in  any  size  or  shape.  The  large  stock  always  carried  on 
hand,  will  assure  you  of  a  sufficient  supply  to  meet  the 
most  unexpected  production  requirements. 

On  difficult  condenser  assemblies,  call  in  Brand  engi¬ 
neers.  Their  years  of  experience  will  help  you  find  the 
economical  solution  to  your  problem.  Full  descriptive 
literature  is  available. 

Alsi>  manufacturers  of  Brand  Hand  Laid  India  Buby 
or  Amber  Mica  l*late.  I  arnished  Cambric,  Cloths, 
Baper  and  Tapes. 

Brand  “Smooth-bore”  Turbo  Tubinfi.  color  coded  for  pro¬ 
duction  facility,  is  standard  in  the  Radio  and  allied  indus¬ 
tries.  Aiailable  in  thirty  different  sizes,  cut  to  any  desired 
length,  (let  a  sample  card! 

WILLIAM  BRAND  &  COMPANY 

268  Fourth  Avenue,  New  York,  N.  Y. 

217  No.  Desplaines  Street,  Chicago,  III. 

S  1  N  r  E  I  S»  •,*  O  THE  F  I  N  E  tk  T  IN  INS  I  I.  .V  T  I  O  N 


2101  Bryant  Street 


San  Francisco,  Calif. 


RtMIER-THE  RADIO  PIRM  AS  OLD  AS  RADIO 
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R-F  Power  Measurements 

[Continued  from  page  5i] 


voltmeter  is  not  necessary — it  being 
sufficient  simply  to  measure  the  di¬ 
rect  rectified  current.  Any  tyi>e  of 
stable  resistance  units  capable  of 
carrying  the  load  will  function  sat¬ 
isfactorily;  there  are  no  restrictions 
as  to  radio-frequency  or  inductive 
characteristics,  and  it  is  compara¬ 
tively  easy  to  build  up  a  variable  or 
adjustable  load  for  test  or  for  op¬ 
timum  output. 

So  long  as  the  load  resistor  is  ade¬ 
quately  bypassed  for  alternating 
currents,  the  total  power  consumed 
therein  is  the  d-c  wattage.  The  power 
expended  in  an  80-type  rectifier  is 
given  in  the  curves  of  Fig.  6.  The 
total  of  the  d-c  power  in  the  load 
plus  that  in  the  rectifier  equals  the 
r-f  power. 

The  data  in  Fig.  6  were  obtained 
in  60-cycle  measurements  by  sub¬ 
tracting  the  d-c  power  output  from 
the  60-cycle  power  input.  They  will 
be  substantially  true  at  radio  fre¬ 
quencies.  There  is  some  variation  in 
the  rectifier  loss  which  depends  on 
the  size  of  the  load  resistance,  and 
the  data  given  are  least  accurate  at 
loads  less  than  2000  or  3000  ohms. 
However,  the  net  error  is  of  a  low 
order  since  the  rectifier  power  is 
added  usually  to  a  much  larger  load 
power.  In  a  series  of  more  than 
twenty  measurements  under  a  vari¬ 


ety  of  conditions,  the  r-f  power  mea.s- 
ured  as  above  checked  values  meas¬ 
ured  with  the  peak  voltmeter  within 
an  average  of  3  per  cent.  The  maxi¬ 
mum  deviation  was  7  per  cent. 

Some  care  should  be  exercised  in 
push-pull  or  parallel  hookups  of  one 
or  more  tubes,  to  determine  the  ac¬ 
tual  direct  current  for  each  plate, 
after  which  the  lo.sses  for  all  plates 
can  be  read  off  and  summed  up.  To¬ 
tal  loss  vs.  total  rectified  current  has 


Fig.  6 — SO-iypp  recti fier  loxs  data 


been  plotted  for  a  single  plate  of 
the  80  tube  connected  as  a  half-wave 
rectifier,  and  for  two  plates  connected 
either  push-pull  or  in  parallel  half¬ 
wave.  If  four  plates  (two  tubes). 


are  operated,  divide  the  total  recti¬ 
fied  current  by  4  to  get  the  current 
per  plate;  read  off  the  curve  the 
loss  for  one  plate,  then  multiply  this 
figure  by  4  to  get  the  total  rectifier 
loss  in  watts.  Figuring  the  peak 
voltage  at  700  and  the  rectified  cur¬ 
rent  at  500  milliamperes,  two  5Z3 
tubes  in  i)ush-pull  i)arallel  will,  en¬ 
tirely  within  rating,  measure  350 
watts  r-f  power.  At  the  other  ex¬ 
treme,  an  80  tube  will  give  accurate 
results  on  1  watt  r-f. 

The  same  considerations  concern¬ 
ing  d-c  plate  or  bias  voltages  apply 
to  the  dummy  load  as  were  outlined 
for  the  peak-reading  rectifier  volt¬ 
meter.  It  probably  would  be  more 
economical  to  insulate  the  dummy 
load  apparatus  for  the  plate  voltage 
than  to  acquire  blocking  condensers 
and  chokes  suited  to  carry  heavy 
loads. 

In  conclusion,  to  rtvapitulate 
brietly:  at  radio  frecjnencies,  power 
can  be  measured  with  an  average 
accuracy  of  10  per  cent,  by  one  of 
the  following  approximations;  Us¬ 
ing  a  peak-reading  rectifier-type  volt¬ 
meter  calibrated  on  60  cycles  and 
corrected  for  r-f. 

Grid  driving  power  (watts)  r- 
Peak  volts  (grid  to  cathode)  times 
total  grid  d.c.  (amperes). 

Using  a  rectifier-ty|x>  dummy  load 
— R-F  Power  (watts)  ==  Rectifier 
lo.ss  ("watts)  plus  d-c  power  (watts) 
in  load. 


'H.  I’.  Thomas  rror.  I.  K.  K.,  .\iiKust,  1933, 
p.  1134. 


Remote  Control  via  5  Meters 


[Continued  from  page  17] 

teristics  for  the  operation  of  a  high 
speed  keying  relay  —  twenty-five 
words  per  minute  is  about  the  maxi¬ 
mum  handling  capacity  of  the 
present  receiver.  This  low  receiver 
sensitivity  was  further  complicated 
by  the  serious  reduction  in  field 
strength  which  occurred  w'hen  a  ship 
intersected  the  path  between  the 
transmitter  and  receiver. 

The  present  set-up  employs  a  ver¬ 
tical  antenna  system  approximately 
one-quarter  wavelength  long.  The 
expected  bad  effects  from  the  build¬ 
ings  and  from  the  large  metal  statue 
have  most  fortunately  failed  to  ma¬ 
terialize. 


Keying  is  done  over  a  metallic  cir¬ 
cuit,  although  in  emergencies  (such 
as  the  cables  being  “out”)  the  key¬ 
ing  is  handled  by  the  radio  link.  The 
metallic  circuit,  which  is  about  13 
miles  long,  extends  by  government- 
owned  cable  from  Governors  Island 
to  the  Barge  Office  at  South  Ferry; 
thence  over  Bell  System  circuits  to 
Black  Tom,  N.  J.,  where  it  again 
joins  a  government  cable  for  the 
under-water  jump  from  Black  Tom 
to  Bedloe  Island. 

As  might  be  expected,  the  opera¬ 
tion  of  the  system  is  simple  to  the 
extreme.  The  operator  at  Governors 
Island  connects  the  dial  to  the  modu¬ 


lating  frequency  of  600  cycles.  Dial¬ 
ing  a  two-digit  number  starts  one  of 
the  transmitters  which  is  then  keyed 
over  the  metallic  circuit.  If  it  should 
be  neces.sary  to  kej  over  the  radio 
link,  the  1,500  cycie  modulation  is 
applied  to  the  five-meter  transmitter; 
these  1,500  cycle  impulses  actuate  a 
1,500  cycle  relay  at  t.he  receiving  end 
for  the  actual  keying.  Shutting 
down  the  active  transmitter  is  ac¬ 
complished  by  another  two-dig't 
number  which  is  dialed  as  in  .star¬ 
ing. 

The  writer  wishes  to  acknowledge 
his  indebtedness  to  the  Signal  Cor]  s 
personnel  at  Fort  Jay,  Governor. s 
Island,  for  their  courtesy  in  making 
this  material  so  readily  availabli  ; 
and  especially  to  Mr.  H.  G.  Phai  , 
Chief  of  the  Communication  Divisioi . 


64 


February  1936  —  ELECTRONIC  '' 


BRUSH  (m 

SPHERICAL  Yjf 

MICROPHONE  j;l 

^ectute^  \ 

LIGHT  WEIGHT,  LOW  PRICE  and 

TYPICAL  BRUSH  SOUND  CELL  OPERATION 


MICROPHONES  •  MIKE  STANDS  •  TWEETERS  •  HEAD  PHONES  •  LOUD  SPEAKERS 


A  Specially  desifjned,  lnw  price,  general  purpiTse 
micrnphnne  for  station  announcement,  "P.  A.,”  police  and 
commercial  interstation  transmission  work.  Uses  the 
round  case  first  introduced  by  Brush  engineers  in  their 
expensive  laboratory  microphone.  Vt'ide  frequency  response 
and  typical  Brush  sound  cell  operation.  Non-directional. 
No  diaphragms.  No  distortion  from  close  speaking. 

Fasily  installed.  No  button  current  or  polarizing  voltage 
— no  input  transformers — and  no  elaborate  stand  mountings 
are  needed.  Beautifully  finished  in  dull  chromium.  Size 
only  inches  in  diameter.  Weight  5  oz.  Output  level 
minus  66  1).  B.  Locking  type  plug  and  socket  connector  for 
either  suspension  or  stand  mounting  is  furnished  at  no  extra 
cost.  Full  details.  Data  Sh^et  No.  1.^.  Free.  Send  for  it. 


F'roiii  tins  iiiiea  eapurilors  in  rryslal 
oM'illalor  eireiiil  to  hanks  of  oil-(ill«‘d 
lillt*r  eapaeilors.  AFiFIOVOX  keeps 
nianv  Iransinillers  on  the  air.  I.ike- 
ssise  p.a.  sssicons  and  sound  niosic* 
ei|iiipnienls.  parlieularly  in  remote 
plaees  sshere  failures  sson't  lie  toU'r- 
aled.  If  that's  tin-  kind  of  service 
yon  se*‘k.  pl«‘use  get  in  touch  ssith  us. 


CLEVELAND,  O. 


Air  Navigation 

[Contmued  from  page  5^] 


ally  be  accumulated  by  experience, 
but  a  program  involving  measure¬ 
ments  is  completely  impractical  now. 
The  stations  selected  must  therefore 
be  chosen  on  theoretical  considera¬ 
tions  which  may  well  be  proved  in 
error  in  a  few  cases  but  which  can 
be  depended  upon  on  the  whole  to 
give  usable  information. 

Stations  most  suited  to  the  pur¬ 
pose  are  50  kw.  transmitters  operat¬ 
ing  on  channels  completely  free  from 
interference,  i.e.  on  which  no  other 
stations  in  North  America  are  as¬ 
signed  to  the  same  frequency.  If 
this  restriction  were  to  be  adopted 
as  final,  the  list  would  contain  only 
seven  stations,  located  in  five  cities 
(three  of  these  stations  serve  Chi¬ 
cago).  The  “clear”  channels  listed 
by  the  FCC  (640-680,  700-720,  740- 
770,  790-830,  850-870,  970-1000,  1020, 
1040-1110,  and  1130-1190  kc.,  in¬ 
clusive)  contain  over  fifty  stations, 
including  all  those  of  50  kw.  power. 
These  stations  experience  the  least 
trouble  with  interference  caused  by 
simultaneous  operation,  and  in  addi¬ 
tion  there  are  only  one  or  two  cases 
of  shared-time  operation  among 
them.  Stations  having  assigned  fre¬ 
quencies  on  these  channels  were  se¬ 
lected,  therefore,  as  the  basis  of  the 
list.  There  are  undoubtedly  many 
stations  operating  on  other  channels 
which  can  be  used  by  pilots  with 
complete  success,  but  as  no  means 
of  distinguishing  between  such  sta¬ 
tions  and  those  not  suitable  was 
available,  the  arbitrary  restriction 
to  “clear”  channel  stations  was  nec¬ 
essarily  adopted. 

Information  on  the  geographical 
locations,  power,  and  frequency  as¬ 
signments  of  these  stations  was  ob¬ 
tained  from  the  Berne  list  with  all 
subsequent  available  corrections  to 
January  15,  1936.  In  addition,  in¬ 
formation  was  requested  by  post¬ 
card  from  the  staff  of  each  station 
regarding  the  location  of  the  antenna 
with  reference  to  the  center  of  the 
nearest  large  town  or  other  land¬ 
mark,  and  also  checking  the  latitude 
and  longitude  figures.  The  informa¬ 
tion  so  obtained  is  included  in  the 
table. 

On  all  but  seven  of  the  channels 
some  sort  of  interference  exists,  ex¬ 


cept  on  seven  additional  channels 
which  are  clear  at  night.  (Daytime 
operation  is  of  greatest  importance 
to  the  pilot,  since  the  “night”  effect 
makes  direction  finding  at  night  less 
useful).  To  evaluate  the  interfer¬ 
ence  probabilities  on  the  remaining 
channels,  it  was  neces.sary  to  make 
assumptions  which  would  indicate 
the  relative  probability  of  interfer¬ 
ence.  The  assumptions  are  ( 1 )  that 
the  signal  strength  |  in  voltage]  of 
both  the  desired  and  interfering 
.station  varies  inversely  as  the  square 
of  the  distance  from  the  station,  and 
(2)  that  the  stations  were  operating 
with  an  average  power  output  com¬ 
mensurate  with  their  listed  power 
rating.  On  these  assumptions  it  was 
possible  to  evaluate  the  ratio  of  sig¬ 
nal  voltages  from  the  desired  and 
interfering  stations  at  any  desired 
geographical  point.  The  point  cho.sen 
was  one  hundred  miles  from  the  de¬ 
sired  station  in  the  direction  of  the 
interfering  station  [or  in  the  case  of 
.several  interfering  stations,  in  the 
direction  of  the  station  having  the 
most  power,  and  or  being  nearest, 
i.e.  having  the  highest  interference 
potentialities].  This  point  repre¬ 
sents  approximately  the  worst  condi¬ 
tion  to  be  encountered  by  the  pilot, 
who  seldom  depends  on  signals  at  a 
greater  distance  than  100  miles,  es¬ 
pecially  at  night.  The  ratios  so  cal¬ 
culated  were  then  expressed  in  db 
and  the  ratio  in  db  subtracted  from 
the  number  80,  in  order  to  provide 
a  positive  number  who.se  value  in¬ 
creases  as  the  interference  increases. 
The  formula  actually  used  can  be 
expressed  as: 


“Interference  factor”  = 


80  —  20  log,„ 


!f\  (d^m)r~ 

(100)’ 


where  P,  and  P.  are  the  power  ra¬ 
tings  of  the  desired  and  interfering 
stations,  respectively,  and  d  is  the 
distance  between  them  in  miles.  No 
great  claims  can  be  made  for  this 
factor  on  the  score  of  predicting  in¬ 
terference  ratios,  especially  at  night 
when  signal  strengths  often  decrea.se 
inversely  as  the  fir.st  power  of  the 
di.stance  or  even  more  slowly,  but 
it  is  a  good  approximation  in  day¬ 


light  conditions,  and  will  serve  for 
comparison  purpo.ses. 

The  six  .stations  now  operating  un¬ 
der  synchronized  conditions  are 
marked  “S”  and  no  interference  ra¬ 
tio  is  given  for  them,  although  it 
could  be  computed  by  the  formula. 
Such  .stations  can  produce  highly  er¬ 
roneous  bearings  and  should  be  used 
with  caution. 


Door  Openers 

[('onthined  from  page 


in  and  one  going  out.  The  automatic 
doors  get  all  the  traffic.  The  other 
doors  are  required  by  fire  ordinance 
and  would  be  necessary  to  empty  the 
building  quickly  in  ca.se  of  fire.  This 
suggests  the  use  of  two  automatic 
doors,  the  rest  being  of  less-than- 
usual  weight  and  co.st.  Other  typical 
entrances  recently  equiiiped: 

Forum  Building,  Sacra¬ 
mento,  Cal. — 4  doors. 

Knickerbocker  Theatre, 
Nashville,  Tenn. — 2  doors. 

Alvin  Theatre,  Pittsburgh 
(not  so  recent). 

Marine  Museum,  of  the 
Newport  News  Shipbuild¬ 
ing  Co. — 2  doors. 

Besides  this  partial  list  of  instal¬ 
lations  in  the  United  States,  equip¬ 
ment  has  been  sold  in  Canada,  Uru¬ 
guay.  Argentina,  Sweden,  France, 
Mexico  and  Japan. 

The  waiters  have  not  lo.st  out  al¬ 
together,  for  recent  installations  for 
their  convenience  include: 

Hotel  New  Yorker — 2  doors 
out  of  the  above  6. 

General  Electric  Restaurant 
(for  executives).  New 
York — 2  doors. 

Rainbow  Room,  Rockefeller 
Center,  New  York  —  2 
doors. 

B.  &  B.  Bar,  Pensacola, 
Florida — 4  doors. 

Longchamps  Restaurant, 
New  York  —  2  restau¬ 
rants,  2  doors  each. 

Stern  Bros.  Department 
Store,  New  York  —  2 
doors. 

Jones  Beach  Re.staurant, 
Long  Island — 2  doors. 
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